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Frontispiece. Copulation in Cultseta tnornata, the male below. 


(Photo by James K. Ryan). 
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ABSTRACT 


Anopheles earlet Vargas, Culex territans Walker, Cultseta 
alaskaensis (Ludlow), Cultseta tnornata (Williston) ,Cultseta 
morsitans dyart (Coquillett) and a few Culex tarsalts Coquillett, 
Cultseta tmpattens (Walker) and Culiseta stlvestris minnesotae 


Barr were studied at George Lake (535 iat s 114° 06! W) and Edmonton. 


From May to October adults were collected mainly from New 
Jersey traps, windows and box shelters. Biting activity of Cs. 
alaskaensis and Cs. tnornata was measured by collections from cattle, 
and of Cs, m. dyart by collections in quail-baited traps. Larvae 
were collected from a large permanent pond. Nulliparous An. earlet, 
Cla. terrttans, and Cs. alaskaensts appeared less than two weeks after 
snowmelt, but Cs. tnornata not until about 7 weeks after snowmelt and 
most were gravid or parous. The even later appearance of female 
Cs. m. dyart and the collection of blood-feds, gravids and pars 
until Gctober suggested that this subspecies overwintered in the egg 
stage. Females of ali the other species were all unfed and nulliparous 
in September. Diapausing females (with undeveloped ovarian follicles) 
predominated by August 10 in An. earlet, (daylenugth 16:45 hr), August 
5 in Cle. territtans (16:57 hr) and August 18 in Cs. tnornata, (16:00 
hr); these three species were bivoltine. Females of the univoltine 
Cs. alaskaensts which emerged in June and July were all diapausing and 
none appeared at bait, No diapausing pars were seen in any species. 
Well-developed fatbcdies and nectar-filled crops were seen not only 


in diapausing females in the fall but also in gonoactive and parous 
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females in summer. 


Most diapausing Cs. tnornata collected in September took 
small blood meals from the author in the laboratory, but did not 
digest them nor produce eggs. Follicles grew in some females held 
at 16:00 hours daylength and 20 C for 7 days, and such females did 
produce eggs after a blood meal. Very few wild-caught diapausing 
An. earlet, Clx. territans and Cs. alaskaensts took blood in the 


laboratory, and none produced eggs. 


Life histories of Cs. tnornata females in nature were 
reconstructed from laboratory measurements of rates of development 
at different temperatures, and records of air and pond water 
temperatures at George Lake. The first diapausing females would have 
experienced a decrease in daylength of 1:49 - 2:00 hours and a 
decrease in temperature of 6.8 - 7.2 C between hatching and eclosion. 
Diapause in laboratory-reared Cs. tnornata was induced by a one-step 
decrease in daylength from 16:00 to 12:00 hours at the fourth larval 
instar or at pupation, but not by rearing at 16:00 or 12:00 hours 


throughout, 


Female An. earlet spent the winter (November - March) in 
rockpiles, badger burrows and root cellars, and Clx. terrttans in 
rockpiles. Ten-day mean temperatures in winter were -3 to -13 C in 
rockpiles, -1 to -5 C in a burrow, +3 to -23 C in the outside air and 
always above 0 C in root cellars. Supercooling points of An. earlet 


and Clx. terrttans from the rockpiles suggested that they spent most 
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of the winter supercooled. Median lethal times of wild-caught 
females at -5 C were 137 days for Clx. territtans but only 20 days 
for Cs. tnornata. All the An. earlet and Clx. terrttans collected 


in winter were unfed nullipars. 


It is concluded that none of the species is likely to 
overwinter arboviruses, because all the females collected in fall 


and winter were nulliparous, and none took blood. 
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PREFACE 


I was born in Salisbury, England, in 1940, studied at 
St. Christopher School, Letchworth, and the University of 


Sheffield, where I graduated with a B.Sc. degree in zoology 


in 1963. 


I became interested in mosquitoes while testing 
insecticides against them at the Tropical Pesticides 
Research Institute, Arusha, Tanzania, from 1966-70. I came 
to Canada in 1971 for graduate studies in Entomology, under 


the late Dr. B.. Hocking. 


My interest in Western Encephalitis began when I 
prepared a seminar on the ecology of the virus for a course 
in Medical and Veterinary Entomology (Ent. 492). The papers 
of McLintock et al. (1970) on the ecology of WE in Saskatchewan 
and of Shemanchuk (1965) on the overwintering of adult mosquitoes 


were major influences on my choice of thesis topic. 
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1. INTRODUCTION 


1.1. Western Encephalitis in Canada 

Western encephalitis (WK , western equine encephalomyelitis, 
WEE, sleeping sickness) is a disease caused by a group A arbovirus, 
often fatal in equines and sometimes in humans. It occurs mainly 
in western North America and Culex tarsalis is the principal epizootic 
and enzootic vector, (James and Harwood, 1969). In Canada the yee 
severe recorded epizootics have been in Saskatchewan; in 1938 there 
were 15,000 deaths and an estimated 50,000 cases in horses, (Dillenberg, 
1965). In Alberta in 1965 there were 322 reported and 63 confirmed 
horse cases, (Morgante, Shemanchuk, Vance and Windsor, 1968a), 1 - 
3 reported cases each year in 1966 ~ 74, and 120 reported and 19 confirmed 
cases in 1975, (Dr. R. G. Christian, Alberta Veterinary Services 
Laboratory, Edmonton, personal communication). Confirmed human cases 
have been recorded in Alberta from Lethbridge, Medicine Hat and 
Hanna (Morgante, Barager and Herbert, 1968b), and 20 of 160 (12 2%) 
residents of Rochester (54° N) had neutralising antibodies for WE, 
(Iversen, Seawright and Hanson, 1971). Human and horse cases are 
also known from British Columbia and Manitoba, (review by McLintock 


and Iversen, 1975). 


The reservoir hosts and distribution of WE in northern 
Canada are little known. In Saskatchewan the virus has been isolated 
from english house sparrow (Passer domesticus), mourning dove 
(Zenatdura macroura), Swainson's hawk (Buteo swaitnsont) and Richardson's 


ground squirrel (Spermophilus richardsont), and neutralising 
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antibodies have been found in another 9 species of wild birds and 

4 of wild mammals, (Burton et al, 1966; Burton and McLintock, 1970). 
Neutralising antibodies and virus isolations from garter snakes 

and leopard frogs have been reported (Burton, McLintock and Rempel, 
1966), but the virus isolation techniques used were unreliable 
(Reeves, 1974). The virus may be introduced to new areas by migratory 
birds such as Swainson's hawk, which nests in the Northwest 
Territories, (Godfrey, 1966). This may be the means by which the 
virus was introduced to Atkinson Point (69° 30' N), where WE 


antibodies were detected in reindeer, (Burton and McLintock, 1970). 


WE virus has been isolated from Culex tarsalts, Cultseta 
tnornata, Aedes campestris, Aedes dorsalis, Aedes flavescens, Aedes 
spencerit and Aedes vexans in Saskatchewan (McLintock et al, 1970). 
Most isolations were from Clix. tarsalts, and most were from the 
prairie and aspen grove zones in the southern part of the province. 
The most northerly isolations were from Cs. tnornata at St. Walburg 
lets chy N) in the boreal forest zone, where this species was common 
in light traps, but CZx. tarsalis was rare. The authors concluded 
that Cs. tnuormata might be an important transmitter of WE to horses 
in Saskatchewan, because of the frequency of virus isolations, its 
abundance, and its apparent preference for feeding on larger mammals. 
In Alberta WE virus isolations have been made from Clx. tarsalts, 

Cs. tnomata and Ae. vexansin the irrigated prairie regions (Shemanchuk 
and Morgante, 1968), and the most northerly isolation has been from 
Cle. tarsalts at Stettler (52° 10' N) in the aspen grove zone (Hall, 


McKiel and Brown, 1968). 
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Of the 63 confirmed cases of WE in horses in Alberta in 
1965, 21 were from Edmonton and further north and the most northerly 
was from Peace River (56° 10' N), (Morgante et al, 1968a), Culex 
tarsalig adults have been taken at Norman Wells, N.W.T., (Jenkins, 
1950), but the most northerly record from Alberta is from Lac La 
Biche (54° 40' N), (J. H. Brown, unpublished report, 1967). In 
two large collections north of Edmonton, Clx. tarsalis was rare at 
George Lake (53° 57' N), (Graham, 1969b) and absent from Flatbush 
(54° 40' N), (Happold, 1965a), Cultseta tnornata, however, is common 
at Edmonton and George Lake and has been recorded at Deadwood 
(W. Inkpen, Alberta Agriculture, unpublished report, 1973) and Fort 
McMurray (J. A. Shemanchuk, Agriculture Canada, unpublished data, 
1973), both sites at around 56° 40' N, in the boreal forest zone 
(LaRoi, 1968). Thus on distributional grounds Cs. tnornata deserves 


further consideration as a vector in central and northern Alberta. 


In Saskatchewan in 1963 the peak number of horse cases of 
WE was in mid-August, about 2 weeks after the peak numbers of Culex 
and Cultsetq in traps and the peak of WE virus isolations from 
mosquitoes, (McLintock et al, 1966). In Alberta in 1965 the peak 
number of confirmed horse cases was in the fourth week in August 
(Morgante et al, 1968a). Mosquito data for the same year are not 
available, but in an earlier survey near Brooks, (Shemanchuk, 1959a) 
peak numbers of Clx. tarsaits and Cs. tnornata were trapped in the 
second week of August. The earliest Virus isolation in Saskatchewan 
was from a Richardson's ground squirrel on May 19 (Burton et al, 1966) 


but the first virus isolations from mosquitoes were not until June 
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16 - 18 (Aedes campestris) and June 22 (Culex tarsalis), Mduintock et 
al, 1970). At Rochester only 2 % of the adult snowshoe hares had 
antibodies to We in April but 97 % had them in June, 1963 (Yuill and 
Hanson, 1964). There were no isolations of WE virus from mosquitoes 
during these months, (Iversen et al, 1969). In studies in southern 
Alberta, indicator chickens did not become seropositive until 27 

July - 10 August, though they had been exposed since May (Morgante, 
Shemanchuk and Windsor, 1969), and WE virus was isolated from mosquitoes 


only in August (Shemanchuk and Morgante, 1968). 


Thus most of the recorded human and horse cases have been 
after the apparent population peaks of Clxz. tarsalis, but virus 
activity in wild mammals and birds has been detected before any virus 
isolations from mosquitoes. Seropositive humans and confirmed horse 
cases have been recorded from the boreal forest zone, where Clx, 
tarsalis seems rare but Cs. tnormata is common. These findings 
indicate the need for further studies of mosquitoes in the early spring, 
particularly those which overwinter in the adult stage, and they indicate 
that Cs. tnornata may be the primary vector at least to horses, in 


the boreal forest zone. 


1.2. Mosquito life cycles in the northern temperate regions 

Life cycles may be divided into the following groups, 
according to the scheme originally devised by Wesenberg-Lund (1921) 
for the Danish mosquitoes, and modified by Bates (1949) and Frohne 
(1954b). The local examples are taken from Rempel (1953) unless 


otherwise indicated. 
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I. Overwintering is in the egg stage with only one generation 
per year. This group, the "univoltine dedes" (e.g. Ae. 
commnts, Ae. fttchii) includes most of the 4edes found in 
Alberta, and Culiseta morettans dyari (Morris, Zimmerman and 
Magnarelli, 1976). 

II. Overwintering in the egg stage and sometimes several generations 
per year. This group, the "multivoltine Aedes" has fewer 
species in Alberta but it includes two serious pests, de, 
dorsalis and Ae, vexans. 

III. Overwintering in the larval stage with usually only one 
generation per year. This is the "Anopheles claviger type of 
cycle" of Bates (1949), and may be represented in Alberta by 
Coquillettidta perturbans (= Mansonta), though there have been 
no local investigations to confirm this, 

IV. Adult females overwinter and there may be several generations 
per year. My own observations suggest that Anopheles earlet, 
Culex terrttans and Cultseta tnornata show this type of life 
cycle in central Alberta. 

V. The adult females overwinter, and there is only one 
generation per year, because the females that emerge in summer 
do not take blood until the next spring. This is the "Cultseta 
tmpattens life cycle" of Frohne (1954b), and Cs. alaskaensis 


also displays it. 


1.3. Overwintering of arboviruses 
Reeves (1974) reviewed hypotheses based on virus persistence 
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"a long-lived and persistently infected primary 

vector, an infected primary vector capable of 

transovarian transmission of virus to progeny, 

alternative arthropod or metazoal vectors, 

chronic latent infection in vertebrate hosts, 

annual reintroduction of infection by infected 

migratory or dispersing hosts or vectors, or 

persistence in food chains of primary vectors 

and hosts." 
The author concluded that the reservoiring process for most arboviruses 
was poorly understood, and that it would not be surprising if 
arboviruses had alternative means to survive adverse periods. WE 
virus persisted.in experimentally infected Cylex tarsalts from October 
to May under outdoor conditions in California (Bellamy, Reeves 
and Scrivani, 1967), but no virus was isolated from wild-caught 
Cle. tarsalts for a two-month period in mid-winter. One isolation 
of WE virus was made from Clxy. tarsalts overwintering in mines in 
Colorado, on 31 December, but 30 other pools were negative, 
(Blackmore and Winn, 1956). In Oregon, the virus was isolated from 
Cle. tarsalis in two summers, but not in the winter between, (Rush, 
Kennedy and Eklund, 1963). Transovarial overwintering of La Crosse 
virus in Aedes trisertatus has been found in nature in Wisconsin, 
(Watts et al, 1974) but several studies of transovarian transmission 


of WE virus have given only negative results (references in Reeves, 


TTA). 


Of the other hypotheses offered to explain overwintering 
of arboviruses, Reeves (1974) considered that the most attractive 
involved latent infection in hibernating vertebrate hosts. 
Richardson's ground squirrel may be a winter reservoir and an early 


spring amplifier host of WE in Saskatchewan (Leung et al, 1975). 
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Another species of ground squirrel (Spermophilus lateralts) 
experimentally infected with Coxsackie B-3 virus showed latent infection 
during hibernation, followed by viremia on arousal, (Dempster, 

Grodums and Spencer, 1966). Adult mosquitoes uninfected in fall 

and winter could still become infected early in spring by feeding on 


vertebrates with recrudescent viremia. 


1.4. Overwintering of adult mosquitoes in Alberta 

Investigation of the role of mosquitoes as winter reservoirs 
of WE in the northern part of its range have been hampered by 
difficulties in finding them. Studies of the overwintering of 
Clx. tarsalis in the northwestern United States, (e.g. Rush, 1962) 
have yielded some records for other species (see Chapter 7). In the 
only previous study in Alberta, Shemanchuk (1965) trapped Anopheles 
earlet, Culex tarsalis and Cultseta tnornata entering mammal 
burrows in fall and leaving them in spring. WE virus isolations were 
made from females in the same burrows up to August 19 (Cs. tnornata) 
and August 25 (Clx. tarsalis) but not in September (Shemanchuk and 
Morgante, 1968). Since females continued to enter the burrows until 
November it is not certain that the infected females were the ones which 
overwintered. No virus isolation attempts were reported from the 


females in winter or spring. 


1.5. Reproductive diapause in female mosquitoes 
In most mosquitoes that overwinter, the eggs, larvae or 
A) 


females, depending on species, undergo diapause, defined as “a 


genetically induced state of arrested development, the manifestation 
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of which may be induced by environmental factors", (Beck, 1968). 
Diapause in mosquitoes has been reviewed by Clements (1963) and 


Vinogradova (1969). 


Diapausing females do not produce eggs, and most species do 
not take blood meals, but a few do. The ovaries remain small and the 
fatbody is often well-developed. Diapausing females may be quite 
active, feeding on carbohydrate sources such as nectar, and sometimes 


fly a long way from breeding to overwintering sites. 


The only known way that female mosquitoes could overwinter 
WE virus would be to feed on viremic hosts before or during winter. 
If egg production always follows a blood meal, the absence of blood-fed, 
gravid or parous females from collections in winter rules out the 
possibility of virus infection. Females that have laid eggs before 
may be recognised by the uncoiling of the tracheoles on the ovaries 
(Detinova, 1962). However, females of some species feed on blood in 
winter without maturing eggs, a phenomenon known as gonotrophic 
dissociation, and so may become infected without léaving a record in the 
ovary. This phenomenon has haunted workers on the overwintering of 


diseases ever since its discovery in the early days of malariology. 


In investigations in the Netherlands, Swellengrebel (1929) 
noted that Anopheles labranchtae atroparvus bit humans in houses in 
fall as they had in summer, but instead of maturing eggs and leaving 
the houses to lay them, the mosquitoes remained in the houses and 
continued to take blood meals, but produced no eggs until late winter 


or spring. This increase in repeated feeding on humans caused fall 
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epidemics of malaria. The mosquitoes alone could not overwinter the 
malaria parasites, however, because oocysts and sporozoites degenerated 


about 50 days after infection, (Hackett, 1937). 


is 


Swellengrebel (1929) defines gonotrophic dissociation as 
follows, (my translation from French): "In spite of the halt in egg 
production (reproductive activity) the Anopheles continue to nourish 
themselves on blood (nutritive activity)". A later paper (deBuck and 
Swellengrebel, 1934) demonstrated that An, 2. atroparyus needs blood 
in winter to survive. Only 5 4 of the females survived the winter in 
a cool outhouse, but 59 % of the closely-related An. macultpennts 
messeae survived under the same conditions, An. m. messeae had much 
better developed fatbodies at the beginning of winter, hibernated 
in outside shelters and did not take blood meals. This was described 
as "gonotrophic concordancy" (no feeding - no eggs). The authors 
intended that the two terms be used only to describe what the 
mosquitoes do under natural conditions, but this restriction has not 


been observed by some later workers, such as Eldridge (1968). 


Gonotrophic dissociation has been seen under natural conditions 
in An. m. messeae near Leningrad in August (Danilevskii and Glinyanaya, 
1958), and also near Omsk in January (Zhukov and Krasikova, 1942), in 
An. m. typtcus and An. Ll. atroparvus near Belgrade (Guelmino, 1951), 
in An. sacharovit (= elutus) in Israel (Mer, 1931), and An. freebornt 
in California (Freeborn, 1932, Washino, 1970). All these are members 
of the Anopheles macultpennts complex. Buttiker (1958) found blood- 


fed An. cultfacites in Ceylon and Burma showing no egg development, 
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though the blood meals were dark and almost dry. There are few 
observations of gonotrophic dissociation in Culicines under natural 
conditions. Oda and Wada (1973) found that Culex tritaentorhynchus 
sunmmorosus in pigsties near Nagasaki had a gonotrophic dissociation 
rate of 1.3 %Z in March - May, 6.0 4 in June - August, and 12.4 4 in 
September — October, but the feeding rate decreased so much in fall 
that the authors conclude that the gonotrophic dissociation was of 

no epidemiological importance. Shemanchuk and Morgante (1966) 

report that 50.1°% of the Culiseta tnornata and 8.7°% of the Culex 
tarsalts they collected in burrows from 4 August to 15 September were 
blood-fed, and the remainder were unfed but fat. There was no sign of 
ege development although some of the meals were partly digested. This 


was interpreted by the authors as gonotrophic dissociation. 


Daylength (photoperiod, the number of hours of light per day), 
has been shown to be critical in the induction of diapause in many 
insect species; the subject is reviewed by de Wilde (1962), Danilevskii 
(1965), Beck (1968) and Tauber and Tauber (1973a), Several laboratory 
studies have demonstrated that daylength and temperature affect blood 
feeding and egg development in mosquitoes. In An. m. messeae, An. l. 
atroparvus, An, hyrcanus and Culex ptptens, females reared under short 
days failed to mature eggs after a blood meal, (Vinogradova, 1960). 

In An, punettpennis and An. freebornt fewer females took blood meals 
when reared under short than long days, (Washino, 19703;  Washino and 
Bailey, 1970). In An. freeborni the short-day, blood-fed females 

showed gonotrophic dissociation, and developed as much fat as sugar- 


fed females, (Washino, Gieke and Schaefer, 1971). 


< “alk n saath pea s oe 


ig 
,) - 


~~ tr. ahaa Oe eo vt sae “ eit bal asia 


~ y i : a leer yD, 
30 ar vohstoae' eb 


~ 


etth 


(a ide) SdHegaoM, bhi sfossime ~,eaniadree feo gate 
a 


cal and Xo ¥ ee tare pte san a ‘8 d » ha ‘ 02 BT 


hh 4 
A oe 


ad enthne aqee C1 62° Seugph ae nares ewer Bh Eee of faite vould 


ie . hid) Eo ee ae FY 
. Yo 5 nie or. ew eT)". Jed sor beta 
A Fs vy i iy { 
i J i 


1.1 


8 nee be Sgey kh oy fa wha Sr By Nace a | % ‘iahlog dna is namo: e., 


Tay 


+ 


+» ace : : , i. 


e(yah voy cite Bo sed) Vo ce Snensth iat bata tet “itaoul wa 


uv 


vit gh sAuginth to pers Se ea hh Lie 4i3 ie See 


es Lo (ite , nn 


tidaveRhbaad ah SORT? hh 3 bovd  bawel tatt ak ‘Pasie ona jeatayge 1am 


. . 
nese todnd: Taos vse fet 81)" aatant here 


fadid Jagetie swings bod nately 
Sy ae 
eee + 


{ : i fetes a 7 A) - i i Wi 


od hs Bos igen, mt AVS ‘AT #20. aipat tt tit tasingolodeb age. wa sates 


i Nakh) 


' 


re oo casi 1% ano, psi Lig sti it) anion 3 Mbt: 8 


Ao ; 


pres wih alah 


‘yy i buds ecg ‘eet ag eal pate ote 


- en salty io wats vy , bei 
At ae 


ebae seers olutecki loss 8: heveuidion baad basongte 


sit us moat need ond 


if ioe’ bets cqraee) | ‘ont 


a8 Te nt barbicsadéniab #6 j 


Des ny 
io 7 


on 


» 


in 


is ‘ "i 


B' 5 i, 
ate 
7 


hey 2 


Fewer females took blood and fewer blood-feds matured eggs 
under short than under long days, in Culex piptens (Eldridge, 1968), 
and Clx. restuans, (Eldridge, Bailey and Johnson, 1972). In 
another study in Culex piptens, (Sanburg and Larsen, 1973) and 
one on Culiseta tnornata (Kalpage, 1970), rearing under short 
days reduced the blood feeding rates, but in both studies most of 
the blood-fed females matured eggs and thus were not in diapause 
according to Vinogradova's criterion (1960). Blood feeding 
under laboratory conditions may be a poor indicator of what will 
happen in nature, because several steps of the normal host-finding 
process (Hocking, 1971) are usually omitted. If the diapausing 
ee do not take blood in nature it is better to measure the 
onset of diapause by other means. Another difficulty is that if 
wild-caught mosquitoes are experimentally fed and mature eggs, it 
can not easily be determined if they were parous at the time 


of feeding. 


In members of the Culex ptptens complex (Oda, 1968; Spielman 
and Wong, 1973a) and in Culex trttaentorhynchus (Kawai, 1969), 
females in late summer and fall have small, undeveloped ovarian 
follicles, Laboratory studies on Culex ptptens (Oda, 1971; 


Sanburg and Larsen, 1973; Spielman and Wong, 1973b), Culex 


tritaentorhynchus (Kawai, 1969), Culex tarsalis (Harwood and Halfhill, 


1964), and Anopheles freebornt (Depner and Harwood, 1966) showed 


short days restricted ovary or follicle length. 
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Two drawbacks in using follicle development as an indicator 
ofdiapause are that this character can only be seen on dissection, 
and that a newly emerged female whose follicles are still growing 
can be mistaken for one in diapause. The changes that take place 
in the abdomen of a female mosquito, exemplified by Cultseta 
tnornata from the time she emerges are shown in Fig. 1. Teneral 
(newly-emerged) individuals are recognisable by larval muscle 
remnants, but these are autolysed in 2 1/2 days at 15 C (see Chapter 
5). At emergence the primary ovarian follicles are not yet formed, 
but by the end of the teneral stage the follicles have budded from 
the germaria and the oocyte may have begun to differentiate, 
(Terminology is explained in Chapter 2 and Detinova, 1962). Ina 
diapausing female the follicles are arrested at an early stage of 
differentiation, and the female increases her fatbody reserves by 
feeding on nectar, and possibly blood. In a non-diapausing (gonoactive) 
female the follicles grow and there is usually some yolk deposited in 
the oocytes before she takes her first blood meal. It is not known 
how long after the end of the teneral stage a non-diapausing female 
takes her first blood meal; it may be 2 days in summer. Nor is it 
known exactly when diapause ends in winter, and under outdoor conditions 
the cold will keep the female quiescent until spring. The gonoactive 
nullipar's first blood meal results in egg production. After the 
eges are laid the parous female may complete several more gonotrophic 


cycles. Pars are not known to diapause. 


In California overwintering An, freebornt reach their 


maximum lipid content in October, but in Clx. tarsalts this does not 
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occur until November (Schaefer, Miura and Washino, 1971). Females 

of both species in the laboratory develop much bigger fatbodies on a 
sugar diet when kept under short than under long days, (Depner and 
Harwood, 1966; Harwood and Halfhill, 1964). According to Wallis, 
(1959) laboratory-reared Culex restuans prefer sugar to blood in late 
summer. During fall and winter in California Clx. tarsalis feed on 
sugars which they convert to triglycerides (Schaefer and Miura, 1972). 
Roubaud (1932) suggested that in Culex ptptens the products of 
autolysis of the larval muscles were the major source of winter food 
reserve. Clements (1956) noted that while the fatbody was quite 

well developed in Clzx. piptens at adult emergence, it was still 

better developed 3 days later, after the larval muscle remnants had 
gone. In another study with Clx. ptptens Tekle (1960) found that 
newly-emerged females contained about 20 % fat, increasing to 35 4% 
after 2 weeks on sucrose solution. According to Maslov, (as described 
by Vinogradova, 1969), newly-emerged, unfed female Cultseta alaskaensis, 
Culiseta bergrotht and Allotheobaldia longtariolata have better 
developed fatbodies if the larvae are reared at low rather than high 
temperatures and under short rather than long days. Both male and 
female mosquitoes take nectar from flowers (Grimstad and DeFoliart, 
19743 and review by Hocking, 1953), but it is not known how much of 
the female's winter food reserve is accumulated in the larval ana how 
much in the adult stage. Wild-caught Culex tarsalis caged outdoors in 
the fall grew fat when provided with 10 % sucrose but soon died without 


it, (Bennington, Sooter and Baer, 1958). 
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Prehibernation dispersal flights have been studied in 
Anopheles sacharovt (Kligler and Mer, 1930), An. freebornt (Rosenstiel 
1947; and others), and Culex tarsalts (Kliewer, Miura and Chapman, 
1969). An. sacharovt moved 14 km and An. freeborni 42 km from their 


breeding sites and both took blood meals on the way. 


With adult mosquitoes, as with most insects, (Tauber and 
Tauber, 1976) there has been far less study of the factors that maintain 
and terminate diapause than of those that induce it. In Culex ptptens 
diapause is terminated fairly rapidly by long days (Sanburg and Larsen, 
1973; Spielman and Wong, 1973b; Oda and Kuhlow, 1974), or continuous 
illumination (Tate and Vincent, 1936). In October Anopheles m. 
messeae showed anomolous blood digestion while An. 1. atroparvus showed 
gonotrophic dissociation, but by January both subspecies showed normal 
blood digestion and egg production (de Buck and Swellengrebel, 1934). 
Before Culex ptptens pallens and C, p. ptpens leave their overwintering 
sites their ovarian follicles have grown to the size and stage normally 
associated with gonoactive females (Oda, 1968; Oda and Kuhlow, 1973), 
but in C, p. pipiens the blood feeding rate of the supposedly 
gonoactive females in April was still very low, (Oda and Kuhlow, 1974). 
Cultseta annulata collected from hibernation in England and fed blood 
experimentally, produced eggs if the temperature after feeding was 13.5 
C or above and increased their fatbody if it was 10.4 C or below. 
Daylength seemed to have no influence and the same females could be 
made to produce either fat reserves or eggs after alternate feeding, 
/ at Hap 1968b). This is a most interesting form of gonotrophic 


dissociation in that it is facultative and seems to be independent of 
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daylength, though daylength might have played its part in inducing 
diapause in the females before they were collected. Ways of measuring 
the duration and intensity of diapause are of epidemiological interest 
because of the possibilities of feeding on vertebrates in mutual 


overwintering sites. 


The appearance in August of gonotrophic dissociation in 
Anopheles m. messeae, (Danilevskii and Glinyanaya, 1958), of Culex 
piptens with diapause follicles, (Spielman and Wong, 1973a), and 
the early cessation of blood feeding in Culex tarsalts, (Bennington, 
Sooter and Baer, 1958), suggest that in these species the cessation 
of reproduction is not a direct response to winter cold, or 
"quiescence" in Shelford's terminology (Lees, 1955). Females showing 
gonotrophic dissociation under laboratory conditions have been 
described as being in "imaginal diapause" (yinogradova, 1960), and 
females with undeveloped ovarian follicles as "gonoinactive" (Oda, 
1968) or in "ovarian diapause" (Spielman and Wong, 1973b). I prefer 
the term "reproductive diapause" to "ovarian diapause", since the 


condition may affect more than the ovary. Later in this thesis, post- 


teneral females will be classed as diapausing or non-diapausing according 


fo their follicle: ge hentai ratios; the critical value for each 
species was determined by field observations on the time of cessation 
of blood-feeding in the population. In gonoactive, anautogenous 
females before the first blood meal the ovarian follicles stop growing 
at a "primary resting stage" (Rosay, 1969). This varies with species, 
but in some species at least the resting stage follicles of gonoactive 


females are considerably larger than those of diapausing females. 
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1.6. Objectives of the study. 

The aim was to study the biology of Anopheles, Culex 
and Cultseta species throughout the year, with emphasis on those 
features that would enable them to overwinter WE virus. The 
following specific topics were investigated. 

a) The number of generations per year; 

b) The time of onset of diapause; 

c) The blood feeding and sugar feeding habits of females; 
d) Seasonal fatbody development ; 

e) Blood feeding and assimilation in diapausing females; 
£) Laboratory induction of diapause; 

g) The overwintering sites of the females; and 


h) Cold~hardiness of the females. 


This broad approach was dictated by not knowing beforehand 
if the females could be found during winter. If they could not, some 
idea of their epidemiological importance might be gained from their 


feeding habits in summer and fall. 


1.7. Review of the literature on Anopheles, Culex and Culiseta 
of Alberta 
Since Pucat's (1965) list of mosquito records from Alberta, 
Graham (1969) added Cultseta silvestris minnesotae, and there are 
four more Aedes records, Ae. abserratus (Ellis, personal communication), 
Ae. churchtilensts, (Ellis and Brust, 1973), Ae. barri and Ae. 
mercurator (Enfield, 1976). The record for Ae. ntphadopsts is 


probably invalid since the only specimen so named in our collection is 
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an Ae. dorsalis (Ellis, in litt.). This brings the total to 41 
species: 30 Aedes, 1 Anopheles, 1 Coqutllettidta, 3 Culex and 6 
Cultseta. The nomenclature here and elsewhere in this thesis follows 


Stone, Knight and Starcke (1959) and supplement III (Stone, 1967). 


The following notes on distribution, biology and medical 
importance do not give a complete list of references to any species and 
some papers mentioned elsewhere in this thesis willnot be mentioned here. 
Distribution records are from Carpenter and LaCasse (1955) unless 
otherwise stated. References to overwintering sites are given in 


Chapter 7. 


Anopheles (Anopheles) earlet Vargas 1943 

This recently described member of the Anopheles macultpennis 
complex is distributed across the northern United States and Canada 
and any early records for 4”. maculitpennts in this region probably 
refer to An. earlet, Kitzmiller, Frizzi and Baker (1967) consider the 
Nearctic species of the An. maculipennts complex are a less 
closely related group than the Palearctic species; crossing experiments 
suggest that An. earlet is closest to An. punecttpennis, Rozeboom 
(1952a) noted that the eggs of An. earlet and the Palearctic An. 
macultpennts typtcus were very similar to each other but quite 


different from those of other members of the complex. 


The adult females overwinter and in Alaska there is only one 
generation per year (Frohne, 1954b). The larvae are found in 
permanent pools, swamps and the edges of lakes, often with abundant 


floating or emergent vegetation, (Hearle, 1926; Jenkins, 1948; Irwin, 
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1942), and also at the edges of streams (McLintock, 1944). 


There is no direct evidence that An, egqrlez is a malaria 
vector, but on the basis of its present distribution O'Rourke (1959) 
considered that it may have been a vector in Ontario in the 19th 
century. The females are efficient vectors of dog heartworm 
(Dirofilarta tmritts) in the laboratory, (Yen, 1938). Although 
there are records of attacks on man, the species is not considered 
a severe pest, Laboratory colonization is reported (Rozeboon, 
1952b; Kreutzer and Kitzmiller, 1969). The biology of An. earlet 


is also reviewed by Barr (1958). 


Culex (Culex) restuans Theobald, 1901 

This species is widely distributed in North America, 
and has been found infected with WE virus in Manitoba (review 
by McLintock and Iversen, 1975), I did not find any specimens in 


the present study. 


Culex (Culex) tarsalts Coquillett, 1896 

This Nearctic species is commonest in the western, central 
and southern United States and southwestern Canada, but there is a 
record for the Northwest Territories (see Section 1.1.). Because 
of its importance as the vector of WE, (Section 1.1.), this species 


has been much studied and only a few of the references are given here. 


Variations.in the life cycle over the range of Clx, 
tarsalig are reviewed by Nelson (1971). The adult females are 
gonotnactive for 8 months in Canada, but only 2 - 3 months in central 


California, and in southern California breeding occurs all the year 
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round. Larvae are found in a wide variety of clear and polluted 


waters, (Carpenter and LaCasse, 1955). 


The importance of Clix. tarsalts in the ecology of WE seems 
to be due to its high infectivity (Thomas, 1963) and to its feeding 
both on mammals and on birds. Shifts in the population from feeding 
mainly on birds in spring to mainly on mammals in summer have been 


reported (Tempelis et al, 1967). 


Cen Ne) oui Tek) territans Walker, 1856 

This Holoarctic species is found throughout Canada and the 
continental United States, including Alaska, (Carpenter and La- 
aeise 1955), Europe, North Africa, Asia Minor and Japan (Gutsevich, 
Monchadskii and Shtakel'berg, 1974). Records of Clx. apicalis 


from east of the Rocky Mountains probably refer to Clx. terrttans. 


The females overwinter and there is only one generation per 
year in Alaska (Frohne, 1954b), but there may be several, or 
continuous development, in the southern part of the range (Horsfall, 
1955). The larvae have usually been found in permanent pools with 
floating or emergent vegetation (Jenkins, 1948; and others), also 
in roadside ditches (Hearle, 1926), rain barrels, (Thibault, 1910), 
and rock pools (Natvig, 1948). In a Virginia wood females showed 
the greatest flight activity around dawn and dusk, with some during 
daylight (Gladney and Turner, 1970). Diurnal swarming of males has 


been observed in Alaska (Frohne, 1954c). 


In the northeastern United States blood meal identifications 


indicated that most Clx. terrttans females had fed on amphibians, 


2) 


with a few bird, mammal, and reptile feeds, and feeding on frogs was 
observed in nature, (Crans, 1970). In field tests with paired 

bait animals, almost equal numbers came to reptiles and amphibians, 
very few to birds cane to mammals, (Means, 1968). A female was 
seen attacking man in nature (Means, 1965). In Winnipeg, however, 
McLintock (1944) described it as "probably the most important 
mosquito pest in the area", and Horsfall (1936) described Culex 
territams in Arkansas as "of general economic importance" and "very 
annoying". It seems likely that these two authors were writing about 


a different species. 


Eastern encephalitis (EE) virus has been isolated from 
Cle. terrttans in New York, (Morris et al, 1973), and this mosquito 
has been shown to transmit the filarioid worm Foleyella flextcana 
to bullfrogs in the laboratory, (Benach and Crans, 1973). Laboratory 


colonies have been described (Benach, 1970; Chapman and Barr, 1969). 


Culiseta (Cultseta) alaskaensis (Ludlow, 1906) 
This Holarctic species occurs in the tundra and taiga 
regions of North America and Europe, and in the Rocky Mountains 


as far south as Colorado. 


Frohne (1954a) made a detailed study of Cs. alaskaensts 
in southern Alaska. The adult females emerge from their overwintering 
sites at snowmelt and take blood, and there is only one generation 
in the season. The females have an obligatory diapause. In the 
laboratory they will not take blood until 3 months afteremergence and 


in nature they do not take blood until spring of the next year. 
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Larvae are found mostly from May to August, in Carex marshes, 
duckweed ponds, coastal marshes (Jenkins, 1948), rock pools (Hocking, 


Richards and Twinn, 1950), and spruce forest pools (Curtis, 1953). 


The females attack humans in early spring, during the 
daylight hours, at temperatures as low as 7 C (Jenkins, 1948) and 
winds as high as 24 - 32 km/hr, (Jenkins and Knight, 1950). Attack 
rates of 200 - 300 females per minute have been recorded on man and 
reindeer in forest tundra in the U.S.S.R. (Gomoyunova, 1973), and the 
species is a pest to humans in Alaska in spring (Frohne, 1954a). 
Northway virus (Bunyamwera Group) has been isolated from females in 
Alaska (review by McLean, 1975). Some data on development and feeding 
in the laboratory are given by Frohne (1954a); he did not establish 
a sel f-perpetuating colony because the adults did not mate. Male 


swarming has been observed in nature (Sommerman, 1964). 


Cultseta (Cultseta) tmpatiens (Walker, 1856) 
This Nearctic species is found across Canada and the 


United States, as far south as Missouri. 


Frohne (1953) studied Cs. tmpattens in the field and in the 
laboratory, and reviewed the literature on it. The adults mated readily 
and lived long in small cages, but the females did not bite readily 
or produce eggs until 3 - 4 months after emergence. The life cycle 
and larval habitats are similar to those of Cs. alaskaensis, except 


that the larvae are also found in roadside ditches, (Jenkins, 1948). 


Cs. tmpattens females were troublesome to humans during 


May and June in Alaska, and to cattle in late March in British 
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Columbia (Hearle, 1926). 


Culiseta (Cultseta) inetdens (Thomson, 1868) 

This Nearctic species is found in western North America 
from southern California to Alaska, and has been recorded from Alberta 
but I have not found any specimens. The females are severe pests in 
Some areas, and have transmitted Western, St. Louis and Japanese 
B Encephalitis viruses in the laboratory, (references in Carpenter 


and LaCasse, 1955). 


Cultseta (Cultseta) tnornata (Williston, 1893). 

This Nearctic species has been found in all the 
continental United States except North Carolina and Alaska, in 
northern Mexico and in Canada as far east as Ontario; it seems to 
be more common in the west than the east. The biology of Cs. 


tnornata has been reviewed by Barr (1958) and Washino et al (1962). 


There may be several generations per year. In the north the 
females overwinter and larvae are found in the summer months. In the 
south the larvae are most common in winter and aestivation occurs, 
possibly in the egg stage (Buxton and Breland, 1952). Some data on 
seasonal occurrence of larvae and adults at different latitudes are 
summarised in Table 1, In southern Illinois (around 38° N) in the 
transition between the summer breeding and winter breeding parts 
of the range, there appear to be two peaks of adult activity, in 
April - May and September - October, (Ross, quoted by Barr, 1958). 

The shift in breeding season may be connected with the lower 


temperature optimum for development of Cs. tnornata compared with 
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other species such as Culex tarsalts, (Rosay, 1973; Hanec and 

Brust, 1967). In Utah most pools with Cs. tnornata larvae had 

25 - 100 % shade and a mean temperature of 19.5 C while most pools 
with Clx. tarsalis and other species had less than 25 % shade and 

a mean temperature of 22.5 C, (Graham and Bradley, 1965). The 
larvae develop in a variety of clear, polluted and brackish waters. 
They are particularly abundant in waste irrigation waters, (Yates, 
1953). Females fly 2 km regularly in search of blood meals (Owen, 
1937), and at Chicago a marked female moved 22 km in 5 days, (Clarke, 
1943). In a study with light traps in Georgia, females were taken 
throughout the night, with the greatest activity in the last quarter 
of the night, (Love, Platt and Goodwin, 1963). Copulation in nature 
occurs as soon as the female emerges, (Horsfall, 1955) and may last 
3.5 - 6 hours (Rees and Onishi, 1951), though only 5 minutes is 
needed for sperm transfer (Kliewer et al, 1967). The male palp and 
antenna are much less hairy than in other local Cultseta and Culex 
species, (see frontispiece), and there is behavioural evidence that 


the female produces a sex pheromone (Kliewer et al, 1966). 


Female Cs. tnornata have transmitted the viruses of 
Western, St. Louis and Japanese B Encephalitis in the laboratory 
(review in Washino et al, 1962), and have been found infected with 
WE in nature in Washington, (Hammon et al, 1945), Alberta and 
Saskatchewan (see Section 1.1.). No virus was isolated however, from 
4,900 females collected in an area of California where WE and SLE were 
enzootic (Washino et al, 1962). Moreover, females from Saskatchewan 


picked up and maintained a local strain of WE virus in the laboratory 
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but did not transmit it by bite (Hayles, 1971). Blood meal identifications 
in several areas of North America revealedthat almost all the Cs. 

tnornata females had fed on large mammals, mostly cattle, (Tempelis, 
1975). In Colorado, (Tempelis et al, 1967), Utah (Anderson, Collett 

and Winget, 1967), Washington (Reeves and Hammon, 1944) and southern 
Alberta (Shemanchuk, Downe and Burgess, 1963), Culex tarsalis were 
collected from the same areas as Cs. tnornata and far more of the 

former had fed on birds. In southern Alberta, however, 308 of 1364 

Cs. tnornata females leaving chicken-baited traps (22.6 %) were blood- 


fed, (Shemanchuk, 1969). 


Cs. tnornata has also been found infected with California 
Encephalitis (CE) and Cache Valley viruses in Alberta and elsewhere 
(review by McLintock and Iversen, 1975), and with CE at Marsh Lake, 

Yukon (McLean, 1975). Marsh Lake CE virus persisted in intrathoracically 
inoculated Marsh Lake Cs. tnornata females, for 77 days at 4.5 C 


followed by 117 days at -1 C, (McLean et al, 1975). 


Continuous laboratory culture of Cs. tnornata is quite easy 
at temperatures of 15 - 21 C3; methods are given by Owen (1942), 
McLintock (1952, 1964), and Pappas, (1973). There have been several 
studies of rates of larval development at different temperatures, 


(Brust, 1967; Hanec and Brust, 1967; Rosay, 1973; Shelton, 1973). 


Culiseta (Culicella) morsttans dyari (Coquillett, 1902) 
There are records of Cs. morsttans sens. auet. from all 
the provinces and territories of Canada, and across the northern United 


States, but some records may have been Cs. s. minnesotae. Unlike the 
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Palearctic subspecies of Cs. morsttans, which overwinters in the 
larval stage, (Wesenberg-Lund, 1921), the Nearctic subspecies, 

Cs. m. dyari, overwinters in the egg, (Wallis and Whitman, 1968; 
Morris, Zimmerman and Magnarelli, 1976). Mattingly (1972) suggests 
that both the palearctic and the nearctic subspecies overwinter as 


eggs or as larvae depending on conditions. 


Larvae have been taken in Carex marshes, lake margins, 
coastal marshes and bogs, (Jenkins, 1948), and also in woodland 
pools, (Price, 1961). In New York larvae were found from March to 
June, the first adults in June, the first pars in July, and only 
pars after mid-August. Larvae were hatched from dry leaves and soil 
taken in January, (Morris et al, 1976). In Minnesota larvae were 
taken from mid-April to late May, (Price, 1961), The larvae of the 
European form move to the bottom of their ponds in winter and are 


killed if all the water freezes, (Wesenberg-Lund, 1921). 


Blood-meal identifications from Cs. morsttans sensu lato 
an Enedana, (service, £971)5 and New York, (Morris et al."1976), 
indicated that nearly all had fed on birds. The European form is 
said to bite farm animals and man, (Gutsevich et al, 1974). Ina 
field study in Massachusetts almost equal numbers of Cs. m. dyart 
entered mammal-baited and bird-baited traps, but more were engorged 
in the bird-baited traps, 89 % vs 64 2, (Hayes, 1961). In another 
field study in Massachusetts, more females were taken in chicken- 
baited than in rodent-baited traps, and more at 7.6 m than at 1.5 m 


above the ground, (Main et al, 1966). Eastern encephalitis (EE) virus 
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has been isolated from Cs. m. dyari in New York and it may be an 


important vector of the virus to birds, (Morris et al, 1973). 


Culiseta Cultcella) stlvestris minnesotae Barr, 1957 

This Nearctic form was described by Barr as a full species 
and redesignated as a subspecies of the Palearctic Cs. stlvestris 
Shingarev by Maslov (Stone, 1967). Cs. s. mnnesotae is now known 
right across the northern United States except Alaska (Christiansen, 
Pinger and Rowley, 1972), and in Alberta (Graham, 1969), Saskatchewan 
‘(McLintock et al, 1966), Manitoba (Trimble, 1972), and Ontario 
(Belton and Galloway, 1966). It has not been recorded from as far 


Morth as Ce. m, dyart. 


In Minnesota adults were taken from April to October, 
and larvae from mid-May to mid~September, with possibly two 
generations. Overwintering is likely to be in the adult stage (Barr, 
1957; Price, 1961). In Massachusetts almost equal numbers of 
Cs. s. minnesotae entered mammal-baited and bird-baited traps, but 
the engorgement rate was higher on the birds (81 % vs 64 %), (Hayes, 
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2. MATERIALS AND METHODS 


evil. Study vareas 

Most of the field work was done at two sites, Edmonton 
(53° 32'N, 1. 30'W) and George Lake (53° BYE AS 114° 06'W), 63 km 
northwest. Both sites lie in the Mixed Wood Section of the Boreal 


Forest Zone (Taiga), (La Roi, 1968). 


George Lake is shallow and eutrophic. The Department of 
Entomology field site and the Donalds' Farm are situated at the 
west end of the lake, (fig. 2 and plate 2a), Most of the field site 
is covered by a stand of trembling aspen (Populus tremulotdes Michx.) 
with the rich shrub and herb layers characteristic of aspen woodland. 
Other vegetation types include two mats of labrador tea (Ledum 
groenlandicum Oeder) with paper birch (Betula papyrtfera Marsh.) 
round their edges, a bog with black spruce (Picea mariana (Mill.)) 
labrador tea and Sphagnum moss, and a wet sedge (Carex sp.) meadow 
by the lake shore. The creek draining the lake is blocked by two 
beaver dams. The Donalds’ farm, begun around 1910, now has about 
thirty buildings of various sizes and a resident population of seven 
people, There are about 100 cattle and smaller numbers of sheep, a dog, 
pigs, a goat, cats, rabbits, chickens, geese, ducks and turkeys. 


Most of the area of the farm is pasture, hay and grain fields. 


Wild mammals of seventeen species were seen in the George 
Lake area during the study and eighteen more would be expected to 


occur there from the distributions given by Soper (1964). The Rodentia 
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Fig. 2 (facing page). Map of George Lake study site. 


Habitats 

A = Aspen woodland 

B = Black spruce bog 

C = Carex meadow 

L = Ledum mats 

P = Lakeside pond 

I - VIII = Other pools where Anopheles, Culex and Cultseta larvae 


were found. 


Sampling methods 


iz 


Zz 


i} 


Catches from cattle 

Calf-baited trap 
All-night catch from human, 10 - Tye 
Bellamy-Reeves traps, (3 locations) 
Searches of flowers (main site) 
New Jersey trap, standard 
New Jersey trap, modified for live catches 
Truck trap route 

Box shelters (not used in all locations at once; see text) 
Beaver lodges 

Thermohygrograph, 1973 


Thermohygrograph, 1974 and 1975 
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Map of George Lake study site. 
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Plate 2 


a. George Lake field site, view north over the black 


spruce bog. Trembling aspen in right foreground. 


b. Calf-baited trap 
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are the best represented order, with fifteen species, including 
Richardson's Ground Squirrel (Spermophilus richardsonit). The only 
Lagomorph, the varying hare (Lepus amertcanus), was scarce during the 
study period. The three wild Artiodactyla, the white-tailed deer 
(Odocotleus vtrginianus), Mule deer (0, hemionus) and moose (Alces 
alees), were less abundant than the domestic cattle. Other orders 
represented are the Insectivora (four species), Chiroptera (4), and 
Carnivora (8). Birds of 65 species have been recorded at George Lake 
sie Dr. Kay Ball (personal communication) estimates that 165 species 
should occur there, of which the best-represented orders are the 
Passeriformes (85 species), the Charadriformes (14), and the 
Anseriformes (18). Garter snakes (Thannophts spp.) are the only 
reptiles known in the area, and there are 4 species of amphibians, 


two frogs, one toad and one salamander. 


The City of Edmonton in 1975 had an area of 318 rae and a 
population of 452,000 people. The city lies on a plain 665 m above 
sea level. The North Saskatchewan River and several small tributaries 
run through the city approximately 50 m below the plain. The river 
valley system is steep-sided, much of its original woodland has been 
conserved, and Klassen and Hocking (1964) have argued convincingly 
that it facilitates the entry of adult mosquitoes to the city. 
Mosquito control has been attempted for the past 25 years, and the city's 
present program consists of treating all known or suspected breeding 
sites to at least two miles (3.2 km) beyond the city limits with 


larvicides, mainly Dursban, and occasionally applying ultralow volume 
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malathion by helicopter in the river valley system to control adults. 
Collecting for my own project at Edmonton was confined to two sites 
on the University of Alberta campus, on the South bank of the river 


close to the centre of the city. 


2.2 Climate and seasons 

The climate of the Edmonton region is of the cool temperate 
type, with cool summers and long cold winters (Longley, 1968). The 
means of temperature and precipitation Pecomied at Sion, 2.0 km South 
of George Lake, during 1941 - 70, (Environment Canada, 1973), are 
shown in fig. 3. The monthly mean temperatures go from +16.5 C in 
July to -15.5 C in January, and frosts have been recorded in every 
month of the year. In this thesis I have divided the year into seasons 
as follows: 

Spring: April and May, (mean temperatures +3.5 to +10.5 C) 

Summer: June to August, (mean temperatures +13.5 to +4+16.5 C) 

Fall: September and October, (mean temperatures +10.5 to 

9.0 C) 

Winter: November to March, (mean temperatures below 0 C). 
This differs from the system mentioned by Longley (1968), which restricts 
winter to the months of December through February. The mean annual 
precipitation is 490 mm, of which 338 mm is rain and 152 cm is snow 
(equivalent to 152 mm of rain). There is usually snow on the ground 


continuously from November to April. 
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Normal temperature and precipitation at Sion, Alberta, 


1941-70. 
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2.3 Daylengths, dates and decades 

The daylength at 54° N, which is 0°3'" North of George Lake, 
varies from 18:54 on June 21 to 8:50 on December 21 (List, 1958). 
Here and elsewhere in this thesis the term "daylength" is used to mean 
the number of hours of daylight, plus twice civil twilight, per 24 hour 


cycle, Where a value is given the digits before the colon indicate 


the number of hours and the digits after the colon the number of minutes. 


For example 14:10 means a daylength of 14 hours and 10 minutes and 
not a 24 hour cycle with a photophase of 14 hours and a scotophase 


of 10 hours. 


Where dates are given the month is in Roman numerals, between 
the day and the year. For example, 3 February 1975 would be 3/ii/75. 
Much of the data will be grouped by thirds of a month, or decades, 
as follows: 

I First decade or early month: days 1 - 10 

II Second decade or mid-month: days ‘11 - 20 


III Third decade or late month: day 21 to the last day. 


2.4 Collection of adult mosquitoes 
For a project of this kind a good collecting method would 
a) Collect many Anopheles, Culex and Cultseta, and few Aedes or 
other insects; 
b) Detect any mosquito activity from the first snowmelt in spring to 
freeze-up in the fall; 
c) Detect any emergence, blood feeding, and egg development in the 


population; 
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d) Collect females alive or fresh enough for dissection; and 


e) Give some indication of the relative abundance of each species. 


All the methods used were relative in the sense of Southwood 
(1966) and will have been biassed power ds certain species and stages. 
None can be expected to give an estimate of actual population density 
per unit area of land. The thirteen collecting methods used may 
be divided into collections at bait, collections of flying mosquitoes, 


and collections of resting mosquitoes, 


2.4.1. Collections at bait 
These collections were intended to sample that part of the 
population searching for a blood meal, though females were usually 


caught before they engorged. 


Few collections were made from human bait because they 
rarely yielded 4nopheles and Culiseta females, except in early spring. 
Mosquitoes were captured, usually by mouth aspirator, as they landed 


on the collector's bared forearms or lower legs. 


Cattle were the usual bait. In 1972 and May 1973 
mosquitoes were caught from the windows of the barr in the evenings 
when the cows were brought there to be milked. Few Anopheles and 
Cultseta were taken, and they rarely rested in the barn during the day. 
From June to September, 1973, and April to early July, 1974, 
mosquitoes were collected from 10 ~- 20 unrestrained calves in the open, 
but when mosquitoes were abundant the cattle would not let the collector 


go near them, and sometimes stampeded. For the rest of the 1974 and the 
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whole of the 1975 season, collections were made from one calf, haltered 
and tied to fence posts in the feed lot or pasture. Most catches began 
at sunset and lasted for one hour, the later part of the catch with 

the aid of a flashlight. Several bait cattle were used at different 
times, of various breeds and weighing 150 - 400 kg. The aim was to 
collect all the mosquitoes that landed on the bait; when there were 

too many, priority was given to Anopheles and Cultseta. To compare 

the results for different seasons, the data were converted to numbers 
per man-hour of collecting, and they only approximate the numbers per 


calf per hour for the periods when a single calf was used. 


Two stable traps of the "Egyptian" pattern (Bates, 1944), 
were tried in the hope that they would be useful in measuring biting 
rates at very low or very high mosquito densities, and in studying 
diel biting cycles. Each trap (plate 2b) was 2.04 m long, 1.02 m wide 
and 1.77 m high, with a wooden frame and walls up to 1.0 m high, and 
the upper walls covered with 1.6 mm mesh flyscreen. On each long 
side the lower 38 cm of the screened portion sloped inwards by 20 cm 
to a horizontal entry slit 2 cm wide. A haltered calf was kept in the 
trap for the first hour after sunset in most of the 1974 catches, and 
from one hour before sunset to 4 - 5 hours after sunrise in the rest 
of the 1974 and all the 1975 catches. Mosquitoes were collected by 


aspirator after the calf was removed. 


Three "lard can" traps, (Bellamy and Reeves, 1952) were 
made from cans 38 cm long and 27 cm in diameter. The ends were 


replaced by cones of 1.6 mm mesh screen wire going 20 cm inside, 
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with 2 cm holes at their apices. A hole in the side, fitted with a 
cotton sleeve and a hinged metal door, allowed insertion of the bait 
and removal of the mosquitoes. The traps were painted inside and 

out with the same red paint that was used for the box shelters 

(see 2.4.4). The traps were hung from trees at George Lake, one in 
the black spruce bog, one in the farmyard and one in the aspen wood 
near its western edge. In 1974 the bait used was a 1 kg block of dry 
ice (solid CO.) wrapped in brown paper and placed in the traps about 
one hour before sunset. There was usually some left when the traps 
were emptied 12 hours later, 3 - 4 hours after sunrise. In 1975, 
adult male and female Japanese Quail (Coturntx jappontcum) were used 
as bait, two per trap in a 1 x 2 cm mesh galvanised wire cage, put in 
the traps 3 - 4 hours before sunset and removed 3 — 4 hours after 
sunrise. Initially the quail were given neither food nor water in 
the traps, but three died. No more died after both food and water 
were provided. Mosquitoes were removed from the traps by aspirator, 
or by enclosing the entire trap in a plastic bag with a wad of cotton 


soaked in ethyl acetate, to knock the mosquitoes down, 


2.4.2. Collections of flying mosquitoes 

Two New Jersey light traps (Haussher's Machine Works, Toms 
River, N.J.), were used for three consecutive summers. One trap was 
run at George Lake near the corner of a feed lot, in an area often 
overgrown with tall weeds. Cattle came to drink at a trough about 3 m 
away. The other trap was ruf at Edmonton in the Moss Forest Preserve, 


a fenced area of almost undisturbed vegetation immediately north of 
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the University of Alberta campus. The trap was hung from the supporting 
frame of a shed built on the North-facing slope, in a stand of spruce 
with little undergrowth. Both traps were equipped with 25 watt frosted 
incandescent lamps, switched on at sunset and off at sunrise by timers. 
The killing agent in the tar was a 2 cm square of plastic impregnated 
with dichlorvos (one No-Pest Strip", Shell Chemicals), enclosed in 

a gauze bag to stop insects sticking to the tacky surface. One square 
was effective for about 60 nights in keeping the mosquitoes sufficiently 
immobilised to remove and sort them. Complete kill was undesirable 

os the dead mosquitoes rapidly became unfit for dissection. The two 
Standard traps were used for not less than 6 nights per decade at 

George Lake from 31/iii/73 to 31/x/73, 3/v/74 to 9/x/74, and 14/v/75 

to 1/x/75, and at Edmonton from.1/iv/73,to 31/x/73, 10/¥/74_to 


Bae 74 and 9/v//5 to. 31L/x/715. 


Another New Jersey trap was modified to keep the captured 
mosquitoes alive, following the design of McLintock (1947), by 
transferring the fan from the top to the bottom of the cylinder, and 
putting a removable wire mesh cage above it, connected by a cotton 
sleeve to a collecting funnel at the top. This modified trap was 
used for 4 nights in 1974 and 8 in 1975, in an open grassy area north 


of the laboratory at George Lake. 


A Malaise trap, as modified by Townes (1962) was operated in 
the Moss Forest Preserve, in an aspen-dogwood stand, from April to 


September, 1972. 
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A truck trap (Bidlingmayer, 1966, 1974) was tried at George 
Lake in 1975 to see if it would be a useful method of collecting live 
Anopheles, Culex and Cultseta females for dissection and experimentation, 
and for studying their flight periodicities. The trap (plate 3a) was 
made from 1 mm mesh fibreglass screen on a hardwood frame, with a front 
opening 1.67 m wide by 0.6 m high (1.0 fae tapering back 3m to a 10 cm 
Square opening Beene tail, over which was placed a wooden cage with a 
plexiglas window on one side. A fibreglass screen cone with a 2 cm 
hole at the entrance to the cage stopped the captured mosquitoes from 
escaping. Mosquitoes were withdrawn by aspirator through a stockinette 
sleeve at the rear of the cage, and the side of the cage opposite the 
window could be quickly opened to get rid of unwanted insects. The 
trap was mounted on the roof of a truck, with the middle of the entrance 
2.12 m above the ground. The truck was driven at 20 - 25 mph (32 - 40 
km/h) over a 3.2 km route going down as far as the crossroads at the 
southeast corner of the University's land, (see map, fig. 2), later 
extended to about 5 km by going 0.8 km east and 0.8 km west from the 


crossroads. 


2.4.3. Collections from flowers 
Mosquitoes taken on flowers were presumed to be feeding on 
or searching for nectar. Collections from flowers are included in 
this section because I intend to restrict the term "bait catches" to those 
mosquitoes taken at animals and dry ice. Most of the collections 
from flowers were made at night with a flashlight and aspirator, usually 


in the second hour after sunset, because the first hour was needed for 
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Plate 3 


b. The lakeside pond, George 


Lake, July 1975. 
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collecting from cattle. The most searched area was along the sides 
of the road going north into the George Lake site as it was there that 
the most productive plants (Soltdago and Tanacetum) were commonest. 
A few mosquitoes were collected from flowers in the aspen woodland 
during the daylight hours. Records were kept of flowering dates of 


the plant species known or likely to be visited by mosquitoes. 


2.4.4, Resting Collections 

All the collections of resting mosquitoes were made by 
aspirator unless otherwise stated. Where the same resting sites were 
searched repeatedly, the appearance of new mosquitoes provided evidence 


Se tiseit activity. 


A series of 33 windows and 3 doors on Athabasca and Assiniboia 
Halls, University of Alberta Campus, was the most productive resting 
site. The windows were 1.9 m high and 1.25 m wide, with sills at ground 
level and fly screens set 20 cm in from the walls. Twenty-one faced 
west, 9 north and 5 east. Collections were made usually between 
08:00 and 09:00 MDT (1 - 5 hours after sunrise), during September and 


October in 1972 and 1973, and from April to October in 1974 and 1975. 


Twenty-four cubical box shelters, 30 cm on the side, with 
one side open, were made from plywood and painted inside and out with 
one coat of red paint, ("Carnival Red", #1-345, Canadian Pittsburgh 
Industries Ltd.). The value of red paint in increasing the catch of 
mosquitoes in artificial shelters was first demonstrated by Goodwin 


(1942) with Anopheles quadrimaculatus Say. Samples of the paint 
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exposed to light sources of 300 ~ 760 nm showed more than 13% 
reflectance only at wavelengths greater than 600 nm, in that part of 

the spectrum to which most insects are insensitive, (Wigglesworth, 
1972). The box shelters were set on the ground at George Lake with 

the open sides facing north, in lines of six boxes approximately 30 m 
apart. Goodwin (1942) got more Anopheles quadrimaculatus in north~facing 
boxes than in boxes facing south, east or west. In 1974 one line was 
placed in the farmyard and later shifted to the side of the driveway 
where there was no other shade or shelter; the second line was along the 
“western edge of the aspen stand, later shifted to the lake shore; the 
third line was inside the aspen stand, and the fourth line was on the 
creek bank. In 1975 all the box shelters were in the aspen stand, 
beside the main track running down to the lake anette. The box shelters 
were examined on 60 days in 1974 and 25 days in 1975, usually between 
09:00 and 13:00 hours. Plants were cut short round the open sides of 


the boxes and the many spiders found in the boxes were killed. 


A few mosquitoes were trapped emerging from badger burrows 
during summer (see Chapter 7). A variety of other resting sites 
searched at irregular intervals yielded mosquitoes. A culvert under the 
road was a good site but could not be searched when the water was high 
or fast. Of the many buildings in the farmyard the most consistently 
productive were two sheds near the pasture, one for sheep and the other 
for pigs. Rockpiles and logpiles where the females overwintered 
yielded a few of the same species in summer, though they were not regularly 
searched. In the aspen stand by the lake a few Culiseta tnornata 


were found resting in the Stevenson Screen, and a few Anopheles earlet 
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were found in a trailer and under a boat. Sweep netting in the aspen 
stand and at the edges of fields, and searches around tree bases, 


yielded only Aedes, or no mosquitoes at all. 


2.5. Identification and voucher specimens 
The main reference for identifications was Carpenter and 

LaCasse (1955),, Barr (1957) and Price (1958) were used to identify 
Culiseta stlvestrits mtnnesotae Barr. For nomenclature I have followed 
Stone, Knight and Starcke (1959) and supplement III (Stone, 1967). 
Bcner specimens of males, females and larvae of all the Anopheles, 

Culex and Culiseta species (except Gultseta impatiens of which only 

two males were taken), and some of the Aedes species, are being deposited 
in the Strickland Museum, Department of Entomology, University of 


Alberta, and in the Canadian National Collection, Ottawa. 


2.6. Storage, dissection and measurement of adults 

Live adults were transported in plastic cups covered with 
wauze of inecacges. lo x.2.5 x. 2,5 cm,, with the sides and “ends or 
plexiglas and the tops and bottoms of mosquito netting (Trpis, 1968). 
The cups and cages were wrapped in moist paper towels, put in 
polyethylene bags and stored at +2 C. The mosquitoes were dissected 
as soon as possible after collection, but some collected in August and 
September had to wait a month, Survival was good if the mosquitoes' 
wings did not get trapped in condensation on the walls of the cage. 
Some fatbody depletion and ovary development may have occurred during 


storage at +2 C, but larval muscle remnants and nectar-filled crops were 
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found after a month under these conditions. Mosquitoes stored in the 
freezer at - 18 C in sealed vials, with a small strip of paper 
towelling soaked in water, could be dissected to determine fatbody 
development and parity, but details of the follicles were obscured. 
Mosquitoes which dried before freezing or while frozen were almost 


useless for dissection. 


The abdomens of females were snipped off, wetted by a quick 
dip in 70% ethanol, and dissected in saline (0.7% NaCl in deionised 
water) using watchmakers' forcepS and a surgeons' needle. When specimens 
were dissected in plain deionised water the ovarian follicles swelled 
rapidly, making the cellular details easier to see but introducing 
the danger of overestimating the lengths of the follicles. The follicles 
also swelled in the saline, but much more slowly; all ovary and follicle 
measurements are from dissections in saline, The dissections were done 
at one end of a microscope slide under a Leitz stereo dissecting 
microscope at X25, with transmitted light. At this magnification the 
abdomen was examined for meconium, muscle remnants, crop contents, and 
fatbody development. The length of one ovary was measured at 
X25 using an eyepiece micrometer (1 division = 50 micrometres). Then 
the dietal end of one ovary was torn open, a few follicles were teased 
out, the magnification was increased to X150 and the lengths of a 
typical follicle and its germarium were measured, (1 division = 8.3 micro- 
Metres). The follicles were assigned to a stage of Christophers, (see 
section 2.7.1.). The ovaries were washed off in deionised water and 
left to dry on another slide. The spermathecae were transferred to 


a drop of saline at the other end of the slide and crushed with a 
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cover glass. Examination for sperm was made under a Leitz compound 
microscope at X200. The dissection examination, measurement and recording 
took an average of 5 minutes per mosquito. The surface tracheation of 

the dried ovaries was examined under the compound microscope at X200 


to determine if the mosquito was parous, (Detinova, 1962). 


2.7. Terminology used in describing dissections 


2.7.1 Stages of development of the ovarian follicles 
Christophers (1911) divided the development of the ovarian 
follicles in Anopheles into five stages. Mer (1936) introduced 
Stage N to cover earlier phases of follicle differentiation and stage 
I-II to cover the deposition of the first yolk granules. Several other 
modifications have been published. I used the following version, 
based mainly on Detinova (1962, fig. 1 and page 17), with the subdivisions 
of stage N based on Oda (1968) and Kawai (1969). The stages are 
also shown in plate 4 and Fig. 4. 
Nl: The follicle is not differentiated from the germarium 
which is cigar shaped. 
N2: A constriction is visible as the follicle buds off 
from the germarium. 
I: The follicle is nearly spherical with a distinct 
epithelium on the outside and eight cells within. 
I-II: One of the eight inner cells is recognizable as the 
oocyte by its larger nucleus, with a crown of yolk 


granules surrounding it. 
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Some stages of follicle development in Cultseta tnornata (legend for 


Fig.4 and Plate 4). 


All live preparations in 0.7% NaCl, from nulliparous, laboratory- 
reared females. Phase contrast, all at X200 except for stage III (bottom 
richt), X100. 


Nie 1 hr old (after eclosion) 

N2. ZenrrOLa 

I. 2-3 days old 

I-II. 6-7 days old 

IIa. 8-9 days old 

IIb. 6-7 days old, 2 days after a small blood meal 

III. (bottom L). 15-20 days old, 30 hr after a blood meal 

III. (bottom R). 15 days old, 4 days after a blood meal, almost in 


stage IV. Secondary follicle in stage N2. 
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Fig. 4. Some stages of follicle development in Cultseta tnornata, 


(interpretative drawings of material shown in plate 4). 
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Plate 4 


Some stages of follicle development in Cultseta tnornata. 


Ila: The oocyte has yolk granules scattered throughout its 
cytoplasm, is rounded where it abuts the nurse cells, 
and occupies about one fifth of the follicle. 

IIb: The oocyte has more densely-packed yolk granules, is 
flat where it abuts the nurse cells and occupies up 
to one half of the follicle. 

III: The oocyte occupies one half to three-quarters of the 
follicle, which is elongated. 

IV: The oogonium is full of yolk, and occupies about 
nine-tenths of the greatly elongated follicle, 


V: The follicle contains a mature egg, ready to be laid. 


Mer (1936) defined the stage N follicle as "consisting of 
undifferentiated cells", and Detinova (1962) interpreted this as 
meaning the stage when the oocyte is not yet distinct from the seven 
nurse cells, but with the follicular epithelium distinct around then. 
The paper that both Detinova (1962) and Bertram (1962) cite for the 
origin of the term "stage N" is Mer (1932) but I cannot find the 
term anywhere in it. Oda (1968) and Kawai (1969) used "No-1" and 
"No-2" for the stages of budding of the follicle from its germarium, and 
divided differentiation of the oocyte and the beginning of yolk 
deposition into additional stages N, Ia, Ib, and I-II. I could not 
distinguish the oocyte from the nurse cells until the stage (I-II) when 
a crown of yolk granules had appeared round its nucleus. This stage 
could sometimes be seen in Anopheles earlet and Cultseta alaskaensis 
under the dissecting microscope at X150; such individuals are included 


with those in stage I for analysis. Stage I-II was seen in Cultseta 
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tnornata only with phase contrast at X400. My stages Nl and N2 
correspond to stages No-1l and No-2 of Oda (1968) and Kawai (1969). In 
the dissections of wild caught females, viewed at X150, my stage I 
covers stages N, I, and I-II of Detinova (1962) and stage Ila 

of Clements (1963). My stage Ila corresponds to "early stage II" 

of Hitchcock (1968) and my stage IIb to his "full stage II". 

Stage N in this account means stages Nl and N2 combined and stage II 


means stages IIa and IIb combined. 


Peiees) coarity and nulliparity 

A female was considered nulliparous (never to have laid 
eges before), or a nullipar, if the tracheoles on the surfaces of 
her ovaries were tightly coiled in skeins, and to be parous (to have 
laid eggs at least onee beford, or a par; if the tracheoles were 
uncoiled and spread out in a loose network over the surface of the 
ovary, (Detinova, 1962). Polovodova's method of determining the 
number ‘of egg batches laid, by counting the number of dilatations on 
the ovariolar stalks, (Detinova, 1962) was not attempted in this study. 
The midguts of Anopheles macultpennts that have been stretched by a 
blood meal. can be distinguished by an uncoiling of the tracheoles 
similar to that which occurs in the ovaries, (Detinova, 1962). I 
tried to use this technique with Cultseta jinormata but could not 


identify a series of unknowns prepared by another student. 


2.7.3. Fatbody ratings 


The development of fatbody in the abdomen was rated according 
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to the scheme of Burdick and Kardos (1963), as follows: 
"0: no obvious fat deposits and a flat abdomen; 


1: definite fat development around spermathecae and 


occasionally small amounts near the ovaries (abdomen still 


flat or with the posterior segments slightly enlarged); 


2: fat bodies around the ovaries and the rest of the 
abdomen filled but not distended; and 


3: abdomen distended by fat." 


eelsde SCrop contents 
The crop (ventral diverticulum) in mosquitoes is used to 
store sugar meals, (Clements, 1963). The crops were rated as follows: 
inf empty, (collapsed), 
G: gas bubbles only, 
S + evsyrup “on ky; 


S+G: syrup mixed with gas bubbles, 


2.7.6. Stages of the gonotrophic cycle 

Sella (1920) divided the gonotrophic cycle in Anopheles 
into 7 stages based on the external appearance of the abdomen. I have 
not seen Sella's paper and have followed the version of the scheme 
given by Detinova (1962). Unfed mosquitoes, with no external sign 
of blood in the gut are in stage 1, mosquitoes with a fresh blood meal 
but no visible egg development are in stage 2, mosquitoes with partly 
digested blood meals and partly developed eggs are in stages 3 to 6, 
and mosquitoes with mature eggs and no trace of blood in the gut are 


in stage 7. When the crop was full the midgut and developing 
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ovaries were forced back, making it difficult to follow Sella's 
scheme exactly. Since few females in stages 2 to 6 were collected 
in this study, the results are mostly presented as unfeds (stage 1), 


feds (stages 2 to 6) and gravids (stage 7). 


2.7.6. Teneral and diapausing females 

Mosquitoes with muscle remnants in the abdomen visible 
at X25 were classed as teneral, or newly~emerged, (Rosay, 1961). 
Other features of the newly-emerged mosquito, such as presence of 
meconium (greenish-grey material) in the midgut, and lack of insemination, 
were noted, but the division into tenerals and post-tenerals was 


based only on the presence or absence of muscle remnants. 


A female was considered in reproductive diapause if she 
was post-teneral, her follicles had not reached stage Ila, and the 
F:G (Follicle:Germarium) ratio did not exceed 1.5 or 2.0, depending 


on species. 


2.8. Analysis of data 

The results of dissections of 925 Anopheles earlet, 
844 Culex terrttans, 1030 Cultseta alaskaensts, 3575 Cs. tnornata 
and 280 Cs. m. dyart were analysed with the aid of a computer. The 
data in the notebooks were coded and transcribed to Fortran coding 
forms, punched cards and magnetic tape. The combined error rate for 
the two human stages of transcription, (coding forms and card punching) 
was estimated by double checking a randomly selected printout of 100 


dissection records from the tape against the original notes. The 
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error rate was 18 in 100 cases (182) or 18 in 1669 characters (1.1%). 
Thus, in a cross-tabulation with 5 levels of selection, the probability 
of any case being placed in the correct box was (1 - ee or 

0.936. Such a high error rate would not have been tolerated if I 

had not been familiar with the original data. The results for 254 
cases which contributed to some odd-looking results were printed out 


in full and the tables corrected by hand where necessary. 


The data on the tape were sorted into files by species, then 

-analysed on the University of Alberta's IBM 360 and Amdahl 470 
computers, using the "crosstabs" and "breakdown" subprograms from 

the Statistical Package for the Social Sciences (Nie et al, 1975). 

Since the emphasis here is on seasonal changes, most of the output 
consisted of cross-tabulations by months and decades. Before the tables 
‘were printed the records were usually sorted by first removing 

all tenerals, feds and gravids, then dividing into nullipars at 


bait, nullipars at other sites, pars at bait and pars at other sites. 


Williams' Mean (Haddow, 1960) was used wherever the numbers 


in individual catches in a series covered a wide range. 


Wherever possible times of day are stated in relation to time 
of sunset rather than as clock times, because of the great changes in 
daylength during the season. Time intervals close to sunset are 


expressed in multiples of civil twilight or "Crep" units, (Nielsen, 1961). 
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2.9. Blood meal identifications 

The blood meals of females in Sella stages 2 to 5 were 
quick-dried by smearing the midguts on filter papers, or by putting 
intact mosquitoes in a dessicator with Drierite (anhydrous calcium 
sulphate, from W. A. Hammond, Xenia, Ohio), at 22 C. The dried samples 
were sent to Dr. J. D. Edman and Mrs. H. Lynn, Florida Medical 
Entomology Laboratory, Vero Beach, Florida for identification. The 
filter papers were soaked in saline to redissolve the midgut contents, 
In all other respects the blood meal identifications followed the 
precipitin test described by Edman (1971). Samples reacting with 
non-specific mammal antisera were retested against bovine, pig, rabbit, 
rodent, human, dog, and cat, and those reacting with non-specific 
bird antisera were retested against passerine, ciconiiform, chicken and 
hawk. Spots of blood dried on filter papers from porcupine and 
Richardson's ground squirrel in the Edmonton area, did not cross-react 


with any of the specific antisera used. 


2.10. Virus testing 

Mosquitoes collected during the summer of 1975, mainly at 
George Lake, and blood samples from the quail used as bait in the 
Bellamy-Reeves traps were tested for arboviruses by Dr. O. Morgante, 
Provincial Laboratory of Public Health, Edmonton. The mosquitoes were 
killed by freezing for about one hour, quickly sorted into species and 
divided into pools of 1 to 60 individuals, which were placed in 
sterilized screw cap vials sealed with several layers of surgical 


adhesive tape. The vials were wrapped in two polyethylene bags sealed 
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separately with tape and delivered on dry ice (-78 C). The quail, 
which came from a laboratory colony at the University of Alberta, were 
bled from one wing before and after the 4 month period they spent at 
Geor ge Lake, where they were never protected from mosquito attack. 

The blood samples were delivered fresh and unfrozen. The virus 

tests followed Shemanchuk and Morgante (1968) for the mosquitoes and 
Morgante, Shemanchuk and Windsor (1969) for the quail blood. Dr. 
Morgante mentioned (pers. comm.) that haemolysis of the post-exposure 


quail blood samples may have interfered with the tests, 


2.11. Anthrone tests for nectar 
In 1973 and 1974 some mosquitoes were tested for nectar 


using anthrone reagent, as described by Van Handel (1972). 


2.12. Habitat, collection, preservation and identification of larvae 
The larval habitat most searched was a permanent pond by 

the shore of George Lake, the "Lakeside Pond", (ig. 2, Plate 3b). From 

June to September it was shaded by willow trees on the banks, emergent 

sedges in the shallower parts and a thick covering throughout of 

duckweeds. (Lemna minor L. and L,, trisultea L.). In 1972 and 1973 the 

pond had an area of 1200 i and a maximum depth of approximately 1.0 nm, 

and it was separated from the lake. Heavy snowfall in the winter of 

1973-74 and rains in July 1974 raised the water level by 35 — 60 

em, the pond overflowed its banks, and the water reached to the edge 

of the woods during the rest of 1974 and 1975. At least once per 

decade from May to October during 1973, 1974 and 1975, the pond was 


searched for larvae using an 800 ml dipper, from the banks in 1973, 
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and from a boat or by wading after the banks overflowed. No attempt 
was made to search the whole area evenly, and most attention was 
devoted to those parts that had already produced larvae, because the 
main aim was to determine the presence or absence of species and 
instars, and the subsidiary aim was to obtain a rough idea of relative 
abundance. Occasional searches of other pools in the George Lake 

area were made. Anopheles, Culex or Cultseta larvae were found only 


in permanent or semipermanent pools with emergent vegetation. 


In 1973 the live larvae were assigned to instars by comparison 
with laboratory~reared larvae of known instar, then reared through to the 
adult stage to determine the species. In 1974 and 1975 all larvae were 
counted at the time of collection, then killed and preserved and their 
instars determined by comparing the widths of the head capsules with 
those of laboratory~reated larvae of known instar. Pupae were identified 
by letting the adults emerge. Larvae were killed by dropping in hot 
water and preserved in MacGregor's Solution (Lane, 1974), a mixture 


of formalin, borax and glycerol. 


2.13. Recording of air and water temperatures at George Lake 

During 1973-75 air temperatures were recorded continuously 
from May to October with a thermohygrograph (Fuess, Berlin), in a 
Stevenson Screen, situated in the Carex meadow by the lake in 1973 
(t, in Fig. 2) and about 150 m into the aspen stand in 1974 and 1975 
(t,). Water temperatures in the lakeside pond were measured 


continuously over the same period using battery-driven temperature 
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recorders with bourdon tube probes (Palmer Instruments, Cincinnati, 
Ohio). In 1973 the probe was fixed at a depth of 10 cm in an area where 
the water depth remained at about 20 cm throughout the season, In 

1974 and 1975, when the water level varied from 55 to 100 cm at the 

same spot, the probe was suspended 2.5 cm below the surface and 
protected from insolation bya styrofoam float. During August 1974 and 
from June to September 1975, a second recorder was used with the probe 


at the bottom of the pool, in the same spot. 


2.14. Laboratory culture and maintenance of Cultseta tnornata 

ee colonies were maintained, following the methods of 
McLintock (1952, 1964). The parent stock for each colony was a group 
of 30 - 50 females collected on the University of Alberta campus. 
The Edmonton I colony was founded in September 1971 and destroyed 
in September 1974, and the Edmonton II colony founded in August 1974. 


There were about 8 generations per year. 


The rearing rooms did not normally receive natural daylight 
and were lit for 16 hours per day by a 40 W incandescent or a 15 W cool 
white fluorescent lamp, with extra lighting during working periods. 

The temperature was 20 + me and the humidity uncontrolled and low. 
Newly-hatched larvae were placed in lots of up to 1000 in round, white 
enamel bowls 19 cm in diameter and 7.6 cm deep, with 1.25 1 of Bates' 
Medium S, then transferred 5 days after hatching in lots of 200 to 
white plastic trays 35 x 23 x 6.3 cm deep, with 2 litres of Bates' 
Medium. Air was bubbled continuously through the media. Larvae were 


fed either a mixture of laboratory rabbit chow and baker's yeast 
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(2:1 v/v), or "Tetramin" tropical fish food (Baensch, West Germany). 
The food was ground and passed through a 0.425 mm sieve, and sprinkled 
on the water surface. Pupae were harvested with a pipette and placed 


in small bowls of water with cork rafts in the adult cage. 


The adults were kept in wooden glass-fronted cages 45 x 30 x 
28 cm high. Humidity was raised by covering the flyscreen roofs of 
the cages with paper towels wetted with water siphoned from inverted 
jars. Gauze bags of soaked raisins were hung in each cage. A few 
females were removed weekly to.a 250 ml beaker covered with gauze, 
and allowed to take blood from my arm, then returned to the cage. 


A water-filled pan painted red inside was provided for egg laying.. 


Small lots of females for experiments were held in plastic 
cups or tubes lined with paper towelling and covered with gauze. 
These containers were held either in a metal cupboard in the rearing 
room, with portholes to admit light and pans of water to raise the 
humidity, or in incubators accurate to + 1 C, (Sherer 25-7 or Precision 
Scientific 815), lit by two 40 W or one 15 wWcool white fluorescent 
lamp. In some experiments the tubes of mosquitoes were covered with 
wet paper towels and clear polyethylene sheets. In others the tubes 
were placed in plywood boxes 44 x 29 x 16.5 cm high within the 
incubators. Each box was lit by two 6 v, 0.15 A incandescent lamps 
mounted in the lid and powered from a microscope lamp transformer. 
Humidity in the boxes was raised by two water-filled 125 ml flasks 


with wicks of paper towelling. 
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Since all lighting in the laboratory was on a 24-hour cycle, 
only the daylength (the duration of the photophase) is indicated. 
For example, 16 hr/20 C denotes 16 continuous hours of light and 
8 continuous hours of darkness per day, with no twilight, and a 


constant temperature of 20 C. 
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3. FIELD OBSERVATIONS, APRIL TO OCTOBER 
3.1. Collections of Adults 


3...) General 

The numbers of adults collected from April to October 
ingigsaive during 1972 =) 7/5 are shown inv table (2, Of aptotal o£,4325.979 
adults, only 17.85% were Anopheles, Culex or Cultseta, and 73.8% were 
Aedes vexans. These totals do not include females collected emerging 
from burrows in April and May, and resting in root cellars in September 
and October, or any collected in winter (see Chapter 7). A few other 
collections made in 1971, 1972 and 1976 are not included in the 
totals, but have been added to the sections on individual species 


where useful. 


The bait catches never yielded any Culex females and the 
Aedes always outnumbered the Cultseta and Anopheles, even though some 
of the catches from calves were selected for Cultseta, (Table 3). 
The flowers yielded more than 50% Anopheles, Culex and Cultseta but 
were biassed towards these genera because most collections were made 
late in the year. Aedes vexans predominated in the New Jersey traps 
but useful numbers of Cs. tnornatawere also obtained. The truck trap 
yielded few Anopheles, Culex or Cultseta. The windows were a good 
source of Culex territans, Cultseta alaskaensis and Cultseta tnornata, 
while the box shelters and other resting collections were a good source 


of Anopheles earlet. 


A few of the An. earlet were taken at bait but the best sources 
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Table 2. Total numbers of adult mosquitoes collected at George Lake and 


Edmonton in spring, summer and fall, 1972-75. 


George 
Lake Edmonton Total h 

Anopheles (Anopheles) earlet Vargas F 867 107 974 0277 
M Se) 27, 626 0.50 

Culex (Culex) tarsalts Coq. F 2 22 24 0.02 
M 0 10 10 0.008 

Culex (Neoculex) terrttans Walker F 219 P3532 1,601 Aa27 
M 194 794 988 0.78 

Culiseta (Cultseta) alaskaensis (Ludlow) F 722 705 1,427 1.43 
M 165 447 612 0.48 

Cs. (Cs.) tmpattens (Walker) M i 1 2 0.002 
Cs. (Cs.) tnornata (Williston) F 9,176 5,297 14,473 41.49 
M 620 453 AOS! 0.85 

Cs. (Cultcella) morsttans dyart (Coq.) F 169 309 478 0.38 
M 74 102 176 0.14 
Cs. (Culie.) stlvestris minnesotae Barr F 3 2 5 0.004 

M 30 12 42 0.03 

Aedes (Aedes) ctnereus Meigen F rine 47 118 0.09 
M By 21 73 0.06 

Aedes (Aedtomorphus) vexans (Meig.) F 69,382 15,887 85,269 67.67 
M 5,473 25257 7,730 6.13 

Ae. (Ochlerotatus) campestris (D. and K.) F 15 iL 16 0.01 
Ae. (0.) canadensts (Theo.) F 100 Pat 121 0.10 
Ae. (0.) dorsalts (Meig.) F 901 10 O11 0.07 
Ae. (0.) exeructans (Walker) F 169 49 218 0.17 
Aem (0.9 fttcnit @. «and Yo) F doe 342 1,653 ike Sul 
Ae. (0.) flavescens (Muller) F 379 2) 413 0.33 
Ae. (0.) rtpartus (D. and K.) F 43 4 47 0.04 
Ae. (0.) spencerit (Theo.) F 973 17 990 0.79 
"Black-legged" Aedes F 3,348 370 2,718 2595 
Aedes spp. tndet. F 209 14 7215 8\ 0.18 
M 1,046 804 1,850 ietey! 

Coqutlletttdta perturbans (Walker) F 90 91 0.07 
Cultetne spp. tndet. F 2 2 0.002 
M 32 Sul 0.025 


TOTAL 96,437 29,542 i253 272 995321 
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were resting sites (fig. 5). Although far more Clx. terrttans were 
collected than Clx. tarsalts, the relative numbers collected at 
different sites were remarkably similar, the best source of both 
species being the windows. Many of the Cs. alaskaensts and Cs. tnornata 
were taken from cattle and in the calf-baited trap, and many of the 
Cs. m. dyart in the quail~baited traps. Although the New Jersey traps 
were a good source of unfed females, particularly of Cs. tnornata 

and Cs. m. dyart, the proportion of feds and gravids caught was low. 
The windows and box shelters were much better sources of feds and 
gravids (Fig. 6). To avoid bias due to the presence of diapausing 
females late in the season, only the data for the gonoactive season 


for each species have been included in Fig. 6. 


Oost sent bad tb 

Table 3 includes data for only one catch from human bait, 
made by me at George Lake continuously for 11 hours, from 2 hours 
before sunset on 10/vii/73 to 11/4 hours after sunrise the next day. 
Out of 2744 females there were only 1 Anopheles earlet, 2 Cultseta 
alaskaensts and.15 Cultseta tnornata. Many other captures from human 
bait were performed at George Lake and Edmonton during 1972 and 1973, 
for other projects and the proportions of Anopheles and Cultseta 


were always low. 


The calf-—baited trap kept some mosquitoes away from the 
calf. During 1975 the numbers taken from the calf in the open during 
the first hour after sunset were usually greater than those taken 


in the calf-baited trap all night. Half an hour after sunset on 14/v/75, 
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3.Quail-baited traps 


8. Other methods 


Chief sources of Anopheles, Culex and Cultseta females, 
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Fig. 6. Relative numbers of unfed, fed and gravid females of 


five species caught during their gonoactive season by 


three methods. 
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17 Cultseta alaskaensts and 2 Anopheles earlet were counted on the 
outside of the trap, but only 9 Cs. alaskaensts were recovered from 

it next morning. In August 1974, six one-hour catches were made 
simultaneously with the trap and from a calf tethered outside, in 

the first hour after sunset. A heifer and a_ steer alternated as bait 
inside and outside. The Williams’ Mean catch of Cultseta tnornata 
from the trap was less than half what it was outside (Table 4), though 
the results for all species combined put the trap and the outside 
catch about equal, and more Aedes vexans were taken in the trap. 

Most of the mosquitoes in the trap were blood fed, 3503 out of 4076, 


or 862. 


When the Bellamy-Reeves traps were baited with dry ice, 
262 mosquitoes were taken in 26 trap-nights, but they included only 
1 An. earlet, 1 Cs. alaskaensts and 1 Cs. tnornata. When quail were 
the bait, 243 mosquitoes were taken including 60 Culiseta morsttans 
dyart and 2 Cs. alaskaensis. Few of the mosquitoes were engorged, 
only 8% of the Cs. m. dyart and 29% of all species. From mid-July 
to late August several hundred Ceratopogonidae, (possibly Cultcoides 
untcolor Coq.) were found each morning in the two traps in the aspen 


stand and the spruce bog. More may have been in the traps since they 


could pass easily through the screen cones. Most of them were blood-fed. 


5.133. we Flying 
Two points should be borne in mind when interpreting the 


results from the New Jersey traps. Firstly, the collecting efficiency 
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of these traps varies with the lunar cycle, being highest at new moon 
and lowest at full moon (Bidlingmayer, 1974). Secondly, on hot dry 
days some mosquitoes were unfit for dissection when the trap was 
emptied. The freshest were dissected and if these were the ones that 
entered last then there may have been a bias towards that part of the 
population that flew late in the night. Bidlingmayer (1974) found 

no difference between the flight periodicities of nulliparous and 
parous mosquitoes in Florida. The New Jersey trap modified for 


live catches caught few mosquitoes, but they survived well. 


The Malaise trap caught only 136 mosquitoes in nearly 5 
months of continuous operation. Poor siting may have been responsible 
Since Graham (1969a) found that the Malaise compared well with 


the New Jersey and other traps at George Lake. 


Only 58 Anopheles, Culex and Culiseta were taken in the 
truck trap, most of them in the second hour after sunset. Some of 
the captures of Aedeg were enormous and subsamples only were taken. 
Of the 617 females collected, 12 (1.9%) were blood fed, 53 (8.6 2%) 
gravid, and the rest unfed. The trap also caught large numbers of 
other Diptera, particularly Chironomidae, and Staphylinidae (Coleoptera). 
3.1.4. Collections from flowers 

Of the 577 mosquitoes collected, about one half were 
collected from Tanacetum(Tansy) and a quarter from Soltdago (Goldenrod), 
but the figures (Table 5) may exaggerate the importance of these 


plants. Most searches were in September, and more time in that month 
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was spent searching them than other plants. Heracleum (cow parsnip) 
was a good source of mosquitoes during its rather short flowering 
period. The flowering dates of the following plants are shown in 

Fig. 7: Achtllea mllefolium L. (yarrow) ,Arnica chamissonts Less., 
Aster spp., Crepts tectorum L. (annual hawksbeard), Fritgeron glabellus 
Nutt. (smooth fleabane), Petasttes sagittatus (Pursh.) (arrow-leaved 
coltsfoot), Solidago spp. (goldenrod), Sonchus uliginosus Bich 
(perennial sow thistle), Tanacetum vulgare L. (tansy), Taraxacum 
offtetonale Weber (dandelion), Medtcago sativa L. (alfalfa), Melt lotus 
alba L. and M. offtictonalts.(L.) (white and yellow sweet clovers), 
Trifolium pratense L. and TY. repens L. (red and white clovers), 
Enitobtum angusttfolium L. (fireweed, willow herb), Ranunculus acris L. 
(tall buttercup), Rosa actcularts Lindl. (prickly rose), Galtum 
boreale L. (northern bedstraw), and Heracleum lanatum Michx. (cow 
parsnip). The absence of lines for some species in some years does 

not mean that they did not flower, but simply that the dates were 

not recorded. Mosquitoes were seen on flowers from late May to late 
September, (Table 6). Of the 174 females collected, 33 were blood-fed 
(18.5%) and 9 gravid (5.2%), and there would probably have been more if 


observations had been made earlier in the year. 


A damsel bug (Heteroptera: Nabidae) was seen sucking a Culex 
territans male on Tanacetum, 1 hour after sunset on 25/ix/74. The most 
productive search was one of the latest in the year, from 45 to 75 
minutes after sunset on 25/ix/74, the temperature an unusually high 


16 C, when 150 Tanacetum stems yielded 8 female and 156 male mosquitoes. 
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Fig. 7. Flowering periods of some plants at George Lake, 1973-75. 
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Table 6. Seasonal distribution and abdominal condition of mosquitoes 


collected from flowers. 


May July August September 


yg iam ae see gaint I ys LEE I Mae 


Anopheles earlet CO I Ovee Oe Oie  ), Ole oak 
0 0 iL 0 0 0 6 6 3g 
Culex terrttans M 0 0 uF 0 0 0 0 4 0 
Cultseta alaskaensts UF 0 0 2 0 0 0 0 0 0 
M 0 0 5 0 0 i 2 5 0 
Cultseta tnornata UF 0 0 0 0 1 0 2 1 8 
roo ets Or tO aeetOe MO 
0 0 0 0 1 0 2 0 0 
M 0 0 0 0 0 0 5 ohll 13 
Cultseta s. minnesotae UF 0 0 0 0 0 0) 0) # 0 
M 0 0 0 0 0 1 0 6 at 
Cultseta m. dyart UF 0 0 0 0 0 1 0 0 0 
M 0 0 0 0 0 iL 4 0 0 
Black-legged Aedes Ure § 0 uf 0 0 3 0 1 0 0 
F 0 0 al 0 0 0 0 0 0 
M 0 1 3) 0 1 0 1 0 0 
Aedes dorsalis F 0 0 0 0 0 0 0 0 d. 
0 0 0 0 0 0 0 2 0 
Aedes exeructans 0 0 0 0 0 0 0 0 0 
Aedes fitchtt UF 0 0 0 0 22 O09 0 0 
F 0 0 0 0 1 0 0 ib 1 
Aedes spencertt iS eg 1 1 af 3 0 0 Oy git 
F i 0 5 0 2 0 0 0 0 
M 0 3 ds al 0 0 0 0 10 
Aedes vexans Urs 6 Sets 2 3 0 6 8 7 
F 0 0 4 1 4 0 0 0 3 
0 0 0) 1 0 0 2 0 
0 8 40 2 4 0 2. 3 6 
Aedes spp. tndet. UF 0 0) 0 0 2 8 2 0 
M 0 0 0 0 0 8 1 0 
All species UF 0 5 Syl 3 172 2 18 12 26 
a 0 10 ib 8 0 2 1 5 

0 il 0 0 0 Pe 
0 U7 57 13 2 3D 60 63 
TOTAL | Miiceieae 1) 27k ST eae 


UF = Unfed, F = Blood fed, G = Gravid females; M = Males. 
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Resting Culex and Cultseta adults flew out of the box 
shelters at the slightest disturbance and did not come back. The 
Anopheles earlet were much less easily disturbed, and some which 
did fly out hovered at the entrance, flew back in and settled. 
Sometimes Aedeg females which had been buzzing round my head as I 
knelt down to empty the boxes would form a small, compact swarm 


round the entrance for a few seconds after I stood up. 


3.2. Dissections 
Information on insemination,-crop contents and the lengths 
of ovaries, germaria and follicles were recorded only in 1974 and 1975, 


The other information was recorded for dissections in all years. 


In all species the follicle lengths and F:G ratios increased 
by similar amounts between stages I and IIb, because the germaria 
showed little increase, (Table 7). The F:G ratios were chosen for 
presentation because of their independence of the units of measurement, 
and for ease of comparison between species. The ovary lengths showed 


similar patterns to the F:G ratios and will not be presented. 


3.3. Blood meal identifications 

One hundred and ninety-one of the 250 blood meals reacted 
(76 Z). Most of the identified meals were from bovines. Individual 
species patterns will be discussed in later sections. The "unidentified 
mammal" and "unidentified bird" results were not necessarily from 


feeds on hosts for which there were no antisera, and most were partly 
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Table 7. Germarium and follicle lengths and F:G ratios 
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of females at 


various stages of follicle development. Means + standard 


deviations in pm. 


Anopheles earlet 
Number of females 
Germarium length 
Follicle length 
F:G ratio 


Culex territans 
Number of females 
Germarium length 
Follicle length 
F:G ratio 


Cultseta alaskaensis 
Number of females 
Germarium length 
Follicle length 

F:G ratio 


Cultseta tnornata 
Number of females 
Germarium length 
Follicle length 
F:G ratio 


Cultseta m. dyart 
Number of females 
Germarium length 
Follicle length 
F:G ratio 


N1 


ise) 


62 


I+ 


46 


[+ 


58 


+15 


N2 


Follicle Stage 


f Ila 
469 70 

41 +4 40 + 6 

76419 106+11 
1.88 2.74 
436 44 

40 +4 38 + 6 

57+ 11 98+ 13 
1.41 2.62 
307 73 

45 + 6 45 + 6 

94421 118+15 
2.09 2.61 
685 166 

39 +5 40 + 5 

66+ 21 110+ 13 
1972 2.73 
124 30 

40 + 6 42 +5 

80+ 18 108 +10 
2.04 2.61 


IIb 


69 
42 + 3 

119 + 4 
2.86 


20 
39 +5 

115 +9 
2.98 


55 
48 + 6 
136 + 15 
2.87 


69 

42 + 2 

131 + 40 
3.15 


Relative increase 
IIb:1 


1.02 
1.56 
ey 


0.98 
2.02 
2.11 


1.07 
1.45 
1.37 


1.08 
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digested meals that reacted too weakly for detection with the specific 


antisera’) (Dr. Fa dDeedmanatin itt.) 


The majority of Cultseta tnornata, Cs. alaskaensis and Aedes 
fttchtt had fed on bovines, not only at George Lake but also at the 
University of Alberta, Edmonton (Table 8a). There were a few cattle 
at a zoo 2.4 km west of campus across the river valley, and more at the 
University farm 3.2 km south, and a meat packing plant 3.2 km east. 

If the mosquitoes had fed on the nearest of these cattle they would 
have flown twice as far after their meals as the Aedes in Florida 

described by Edman and Bidlingmayer (1969). About one third of the 
bovine: positives collected in Edmonton were in Sella stage 2, which 


suggests that they had fed the night before, (Table 8b). 


3.4. Nectar tests 

The presence of nectar was confirmed in 293 out of 554 mosquitoes 
collected between early June and early August (Table 9). The 
proportion of nectar positives was lower among females collected from 
bait than among those collected from other sites. These results and 


the collections from flowers show that some of the females fed on 


flowers before digesting blood and fed on blood before digesting nectar. 


The low number of nectar-positive Cultseta tnornata (2 %) in early 
August may have been due to the low room temperature when the test 


was conducted, 10 - 12 C. 


3.5. Virus tests 
No arboviruses were isolated from any of the 53 pools of 


mosquitoes submitted (8 Culiseta tnornata, 23 Aedes vexans, and the 
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Table 8. (a), Numbers of blood-fed mosquitoes that had fed on bovines, 
collected at George Lake and Edmonton (Positive identi- 
fications only.) 


(Precipitin tests by Florida Medical Entomology Laboratory). 


George Lake U. of A. Campus 
Bovines Other hosts Bovines Other hosts 
No. yA No. Te No. ys No. Vs 
Cultseta alaskaensts 9 100 0 0 8 89 ae AL 
Cultseta tnornata 35 94 2 6 45 90 5 10 
Aedes fttchtt 3, 100 0 0 5 56 4 44 
All 3 species 47 96 2 4 58 85 10 r5 


(b), Proportions of bovine-feds collected on U. of A. campus 


in different stages of Sella. 


Sella Stage 
2 3 4 5 Total 
Cultseta alaskaensis 2 0 6 0) 8 
Cultseta tnornata 17 17 Ty 0 45 
Aedes fitchit 2 a af ah 5 
Total 21 18 18 il 58 
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remainder representing 10 other species), nor from any of the quail 


blood samples. 


3.6. Collection and identification of larvae 

When all the collections from the lakeside pond are added 
together, (Table 10), there were fewest first instar larvae and 
most fourth instar larvae: since in any population there is 
bound to be mortality in each instar, the sampling method must have 


been«far less efficient for the earlier than for the later instars. 


All Culex were presumed to be territans and all Anopheles to 
be earlet. Culiseta larvae with short, thick siphons were presumed to 
be either Cs. alaskaensts or Cs. tnornata since these were the only two 
species identifiable among the fourth instar larvae or reared from 
pupae. The head capsule widths alone were not sufficient to separate 
the two species, because of some overlap between the ranges for second, 
third and fourth instar Cs, alaskaensts and third and fourth instar Cs. 
tnornata (Table 11). In all instars the antennal spicules of Cs. tnornata 
were sparser and smaller than those of Cs. alaskaensts, (Steward and 
McWade, 1961), and this additional character sufficed to separate the 
species. The other Cultseta larvae collected from the pond were all 


Cs. 8. minnesotae except for one Cs, m. dyari in August, 1973. 


3.7. Anopheles earlet 
Females were taken at bait from late April to early June 
and from late June to mid-August, but the greatest number ever taken 


was 11 in one hour in late May, 1973, and the mean numbers never 
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Table 11, Head capsule widths (mm) of larvae reared in the laboratory 


at 20 C, from mothers caught in the Edmonton region. 


Instar 

t IL IIL IV 
Anopheles earlet 
Mean ; 0.20 0.30 0.50 0.80 
Range 0. 20-0. 22 0.28-0.32 0.42-0.52 0.72-0. 88 
Standard deviation 0.01 0.01 0.03 0.04 
Number measured 15 13 24 23 
Culex terrttans 
Mean 0.30 0.50 0.84 ios 
Range . 0.28-0. 32 0.42-0.52 0.77-0.90 12.15-1.28 
Standard deviation 0.02 0.03 0.03 0.06 
Number measured 20 20 20 14 
ee tarsalts 
Mean 0.29 0.47 0.84 1230 
Range 0.25-0.30 0.42-0.52 0.75-0.90 1.18=1.35 
Standard deviation 0.02 0.04 0.04 0.04 
Number measured 20 20 20 20 
Cultseta alaskaensis 
Mean 0.46 0.74 1.12 1.62 
Range 0.42-0.48 0.65-0.80 1.02=1.18 1.50-1.78 
Standard deviation 0.02 0.04 0.04 0.08 
Number measured 20 20 20 20 
Cultseta tnornata 
Mean 0.32 0.53 0.89 1.35 
Range 0. 30-0. 35 0.50-0.58 0.80-0.98 1. 18-1. 52 
Standard deviation 0.03 0.05 0.09 0.20 


Number measured 20 18 20 20 
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exceeded 4.4 per hour from cattle outside and 5 per night in the trap 
(Fig. 8). Humans were sometimes attacked in spring during the day. 

The numbers of females at other sites show 3 peaks. The first, in May, 
represented the emergence of the overwintered females. The second 
occurred in mid-July, late July or early August according to the method 
of collection. The appearance of males, teneral and nulliparous females 
(see below), suggest that the second peak represented the appearance 

of the first summer generation. A third peak of females in mid- 
September in the box shelters may have represented the emergence of 

the second summer generation. Collections of males in the New Jersey 
trap and in the boxes reached a peak in late September, and a few were 


taken in the boxes in late October the last time they were searched, 


The first gravids and par were taken in early May, and in 
each succeeding decade through to late August (Fig. 9). The presence 
of tenerals indicates the emergence of females from late June through 
to mid-September. Of special interest is the decrease in the proportion 
parous from early to late June, which indicates that at least some 


of the first summer generation took blood meals. 


The first larvae were found in the lakeside pond in late May, 
(Fig. 10), but must have been present before this since the first 
collection in 1973 had larvae in all four instars, and the first pupae 
were taken in mid-June. There was a second generation in 1974 but not 
in 1973 or 1975. Larvae were found in several other permanent pools 


imethorarctarni, trie ty. Vo and Vid in Figs, 2). 
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At cattle, George Lake , 1973-75 


exp Cattle outside, 
per man-hour 
&a-—ACalt-baited trap, 
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Aug Sept Oct | 


New Jersey trap, George Lake, 1973-75 
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Fig. 8. Seasonal abundance of Anopheles earlet. 
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Seasonal changes in fed, gravid and parous rates of An. 
earlet. 
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larvae and pupae in the lakeside pond. 
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Of 59 blood meals tested only 32 reacted. Thirteen of them were 
from rabbit (41%), 6 bovine (19%), 1 cat (3%) and there were 12 
"unidentified mammal" (37%), all but one of them in Sella stages 4 
or 5. All the females that had fed on rabbits were in a pig house 
and a sheep house on the east side of the farmyard. Two domestic 
rabbits were kept in a shed on the other side of the yard, and no wild 
hares were ever seen. Since larger and more numerous mammals were 
present, the results suggest a preference for rabbits. The closely- 
related An. freebornt in California seems to prefer rabbits where the 


choice exists (Tempelis, 1975). 


Fifty-five females laid or contained a mean of 135.9 eggs 
(range 65 - 267, standard deviation 40.4). Eight of 83 pars (9.6%) 
had retained eggs, 4 with 1, 3 with 2 and 1 with 3. there was no clear 


seasonal trend in the numbers of eggs produced or retained. 


Eighteen tenerals were examined, most of them were from boxes 
close to the lakeside pond, where they probably came from. Nine still 
had meconium, 16 were uninseminated and 14 had no visible fatbody 


development, but in 10 of 16 the follicles had reached stage I. 


The follicles of females at bait were larger and more advanced 
than those of females at other sites, (Fig. 11). Most of the nullipars 
at bait had F:G ratios greater than 2.0 and all had follicles in stage 
II. The pars at bait all had F:G ratios greater than 2.0 but 20% had 


follicles in stage I. 


The mean F:G ratio of all the nullipars collected was 


at its highest in early May, when the females were emerging from their 
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Fig. 11. Distribution of F:G ratios and follicle stages of An. earlet 


in relation to parity and biting activity. 
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overwintering sites, and at its lowest in late October when they were 
going into the overwintering sites, (Fig. 12). The period from late 
July to late October, when the mean F:G ratio was less than 2.0 

was the period when no nullipars were taken at bait and very few 

feds and gravids were collected anywhere, (Fig. 9), although weather 
conditions still allowed feeding by Aedes spp. If we set an upper 
limit of 2.0 for the F:G ratios of females in diapause, some 
difficulties follow. Firstly, some nullipars taken at bait and 
presumably gonoactive had F:G ratios of less than 2.0. Secondly, 
the pattern of distribution of F:G ratios during summer, 


(Figs-513), ‘shows that -the majority ‘had F:G ratios of less 


than 2.0 in July, when nullipars were still being taken at bait, and 

a few with F:G ratios of more than 2.0 even in late September, when all 
blood feeding appeared to have ceased. Some of the females with small 
follicles in July could have been early post-tenerals whose follicles 
were still growing. Thus it seems generally, but not invariably, 

true that diapausing A. earlet may be recognized by an F:G ratio of 
less than 2.0. From this it would follow that the females collected 
during winter were no longer in diapause, and some support for this 
view was provided by the readiness of females collected in January to 


take blood and then to mature eggs, (see Chapter 4). 


Most of the overwintered females in April and May still 
had abdomens distended with fatbody, (Fig. 14). In July few females 
had well-developed fatbodies. In August there was a rapid increase 


in fat nullipars, but not pars, and the abdomens of nearly all the 
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Distribution of F:G ratios of nulliparous An. earlet in July, 


August and September. At sites other than bait. 
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Fig. 14. Seasonal changes in fatbody ratings and crop contents of 


nulliparous An. earlet. 
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nullipars in hibernation remained distended with fat until December. 
It was surprising that a population showing such a rapid increase of 
fat nullipars had so few with syrup in their crops (Fig. 14); a 
maximum of 29 % had syrup in early July. Nine of 48 pars (19%) had 
syrup. Three females from the box shelters, 1 on 14/viii/74 and 2 on 


27/viii/74, had rod-shaped bacteria-like bodies in the syrup. 


On 9/v/76 the beaver lodge nearest the lake (see Fig. 2), 
was opened by two other students, J. S. Ashe and H. Frania. They saw 
many mosquitoes inside and brought back 20 An, garlet females, 9 of them 


blood-fed,. 


I reopened the lodge on 17/v/76, which the beavers had 
repaired with a plug of loose twigs, branches and mid. The inside 
was a dome 1.2 m wide, 0.7 m high, and 1.8 m long, with a tunnel out 
into the pond running another 0.6 m before its roof met the water. 
The ceilings of the chamber and the tunnel were thickly coated with 


An. earlet females. 


Of 1362 An, earleit females collected, 828 were apparently 
unfed, 492 blood-fed (some with very small meals), and 42 gravid, but 
3 of 59 “unfeds" dissected had traces of blood in their guts. 
Allowing for these "cryptic feds", the proportions were 56.7 % unfed, 
40.2 % fed and 3.1 % gravid. All 59 dissected were parous, 16 (27 2) 
had retained eggs, and almost all had fatbody ratings 6f 1 and follicles 
in stage II. There were also 3 fed and 3 gravid Culex territans, 
and 116 black--legged 4edeg (3 fed) which probably all came in after 
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This collection does not prove that any of the mosquitoes 
overwintered in the beaver lodge. All the unfed An,. err lei were parous, 
and flying and blood feeding were observed before mid-May in other 
years. If An. earlet females do not only rest in the lodges but 
regularly feed on beavers, they may be vectors of Tularemia, which 
often occurs in beavers. The bacillus has been transmitted by 
An. macultpennts in the laboratory, and found in nature in this and 


10 other mosquito species in the U.S.S.R., (Sazanova, 1962). 


The observations on seasonal distribution are summarised 
in Fig. 15. The figure does not try to indicate relative abundance 
since the finding of only one specimen in any of the categories was 
enough to fill the square. It is difficult to place the time of the 
onset of diapause from F:G ratios when tenerals are present, or from 
the disappearance of feds and gravids when pars are present. 
Consideration of relative abundance would place it some time between 


mid-July and mid-August. <A closer estimate is attempted in Chapter 5, 
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3.8, Culex tarsalzs 

Only 24 females and 10 males were collected between 1972 
and 1975. The Bellamy~Reeves trap has taken large numbers of Clx, 
tarsalts (Bellamy and Reeves, 1952), and New Jersey traps have been 
used to measure population dynamics of this species in Saskatchewan 
(McLintock and Rempel, 1963) and California (Reeves et al., 1964). 
Since I. tried both traps and collected few Clx. tarsalts, it does 


seem to be rare in the study area. 


Females were collected from late July to late October, 
with the largest numbers in mid-September, (Table 12). Three gravids 
collected in early and mid-August had a mean of 139 eggs (120, 187, 
110) 2 S5ix tudsipers had w3G ratios,of 1,75 in August 1, (1), 1.20 
in August III (1), 1.25 in September I (1), and 1.25 in September III 
(2). If the rest of the nullipars were in diapause by early August, they 
would play no part in the transmission of arboviruses after the end 


of July, 
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Table 12. Summary of collections of Culex tarsalts at Edmonton and 


George Lake, 1972-75. 


Females Males Total 
Unfed Fed Gravid 

July IIL 1 nee 0 0 2 
August T 3 L(b) 3 0 7. 
AN 0 0 iL 0 4. 
PLL L 0 0 2 3 
September Le 2 0 0 a 4 
aot 5 0 0 3 8 
LLL S) 0 0 1 4 
October hi 2 0 0 a 2 
cms 0 0 0 i i 
LOL 1 0 0 0 iL 
Total 18 Zz 4 10 34 


(a) Box shelter, George Lake. 
(b) Pig house, George Lake. 


All others from Edmonton. 
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3.9. Culex terrttans 

Little information was obtained on seasonal abundance 
because no females were taken at bait and few at any of the other 
sites, except during the fall. The first peak, in May, indicated the 
emergence of the females from overwintering sites, (Fig. 16). A 
second peak, in late June or early July marked the emergence of the 
first summer generation, and a third peak in September the second summer 
generation. Why the first summer generation was so poorly represented 
and the second so well-represented in the window collections is 
puzzling. A female was swept from vegetation in summer, and it may be 
that they only rest on windows in spring and fall, when there is no 
green foliage to rest in. Males were taken from mid-June to late 
October. The peak collections coincided with those for the females 
in the New Jersey traps, but the main peak in the window collections 
was in late August. Both females and males were taken in the last 


box shelter collections in late October. 


The first feds were collected in late April, the first gravids 
in early May, and the last feds and gravids in late July, (Fig. 17). Few 
tenerals were collected, the earliest in mid-July, but the presence | 
of pupae in mid-June, (Fig. 18), suggests that the first summer 
generation began to emerge in June. The decrease in the percentage 
of nullipars and the increase in the percentage of feds and gravids, 
although slight, suggest that at least some of the first summer 
generation were gonoactive and took blood meals. The rapid buildup 


of diapausing females, which reached 50% of the nullipars by late 
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Fig. 16. Seasonal abundance of Culex terrttans. 


99 


Rahs ink 
ey apne WA, 


vy a saa 
: iv a: 
1 im ia al 


"a ¢ vou cS tipsy 


Tenerals, unfeds, feds and gravids 


n 16 48 867 37 24 3 21 58 39 26 9 45 77 248 398236 88 39 8 


100 TT) iy 
80 
66 
/o 
40 
20 e 4 


April June July August Ly 


lt Tenerals Cl unteds a Feds Gravids 


May 


n 16 37 66 17 9 0 0 10 8 20 15 9 26 48 102 120 90 87 36 8 
10 


80 Parity rates 


April May August Sept 


n 11 16 31 12 2 00 01 9 #12 9 27 36 41 69 70 47 27 8 


100 e 
- Nullipars in diapause to ae 


Fig. 17. Seasonal changes in fed, gravid, teneral, diapause and 


parous rates of Clx. terrttans. 
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Fig. 18. 


larvae and pupae in the lakeside pond. 
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July, came too soon for these to have been the offspring of the first 


summer generation and they were more likely the later part of it. 


The first collections of larvae from the lakeside pond 
contained instars I, II and III, so they must have been there earlier, 
(Fig. 18), and larvae were found in mid-May in pool VIII (location in 
Fig. 2). Pupae were collected from mid-June to late July and from 
mid-August to late September. The distribution of pupae and the two 
peaks of abundance in 1973 and 1974 suggest two generations. In 
1975 there was only one generation in the lakeside pond. Larvae were 


aiso found im-*pools I, BP, 4LV and VIII. 


The seven blood meals tested all gave negative results, but 
since all were fresh feds (Sella 2 or 3), it confirms that the meals 
were not frommammals or birds. Twenty~nine females had a mean of 
91.8 eges, (range 51 - 161, standard deviation 27.5). A par froma 
box shelter on 12/vii/74 had 49 mature eggs in one ovary and the other 
ovary in stage IIa. No retained eggs were seen in 37 other pars 
examined, Only 5 tenerals were dissected. None were inseminated, 
compared with 99% of 769 post-tenerals. Three of the 5 had follicles 


in stage Nl, meconium present, and no fatbody development. 


From April to June about half the nullipars had follicles 
in stage II, but from July to October almost all of them had follicles 


in stage I, (Table 13). About half the pars had follicles in stage II. 


If we setlan upper dimit of 1.5 for the F:G ratios of 
diapausing females, 38% were in diapause in February and March, 


7% in April and none in May, (Fig. 19). No females were measured in 
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Table 13. Seasonal changes in distribution of follicle stages of 


nulliparous and parous Culex territans. 


April to June July.to October 
Nullipars Pars Nullipars Pars 
No. examined ize 16 535 16 
% in stage N1 0.0 020 Oy / 0.0 
N2 0.0 O20 Dae 0.0 
E 42.6 i) ie 96.0 STE GS) 
Ila 44.3 43.8 Oa, 50.0 


IIb Leek 0.0 0.4 i25 
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Cla. terrttans. 
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June, but in July 36 % were in diapause, in August 76 %, in September 
89 4, and in October 92 %. None of the pars was in diapause. This 
interpretation agrees well with the time of disappearance of feds and 
gravids, but makes 8 —- 22 4 of the unfeds from August to October 
"sonoactive", Raising the upper limit to 2.0 would include almost 
all of these in the diapausing group, but 36 % of the pars had F:G 


Parios of£-126 -' 2.0% 


Most of the oe eS females still had well-developed 
fatbodies in May, and even pars in midsummer had enough fatbody to 
distend their abdomens, (Fig. 20). Fatbody accumulation in the 
population during August was slower than in An. earlet, but from 
late August onwards, most Clx. territans had abdomens distended with 
fatbody. Syrup was found in the crops of 3 4 of the nullipars and 


16 % of the pars, with the highest rates in June and July, (Table 14). 


On 13/viii/74 a Clx. terrttans male was collected from a 


swarm of Cultseta morsttans dyart males, (see Section 3.13). 


In the summary of seasonal development (Fig. 21) no blood 
feeding period is indicated since this activity was never observed, 
but from the collections of blood-feds it would be expected to last 


from late April to late July. 
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Table 14. Seasonal changes in numbers of nulliparous and parous 


Culex terrttans with syrup in their crops. 


Month Nullipars Pars 

Number with syrup Number with syrup 

examined No. yi examined No. vA 
April 22 0 0 AL 0 0 
May 49 6) 0 11 2 18 
June 1 0 0 3 8 100 
July 25 5 12 15 0 0 
August 7h . 4 1 0 0 
September 180 5 3 il 0 0 


October 94 2 2 9) - - 


Total 442 ES 3g 82 5 16 
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3.10, Cultseta alaskaensts 

Females were seen on humans and windows from mid-April, on 
cattle from late April, and in the New Jersey traps and box shelters 
from mid-May, (Fig. 22). There was a spring peak of overwintered females 
in late May. With the emergence of the summer generation from late 
June, the numbers in the New Jersey traps and on windows rose to their 
main peak in mid-July, but no corresponding increase was seen in the 
numbers on cattle. There was a drop in catches in August, and a rise 
to a third small peak in late September and early October. There is no 
evidence to suggest that this was a second summer generation, and 
simply indicates a reduction in flight activity in late summer. The 
females may aestivate in central Alberta as they do in Alaska (Hopla, 
1970). Males were first taken in mid-June, the highest numbers in 
mid-July and the last in mid-October, Even if these last males had 
been the offspring of the females taken at bait in late July, and 
they had taken a month in the aquatic stages (which were never found 
in August), they would still have been 6 - 7 weeks old when captured. 
Near Anchorage, Alaska Sommerman (1964) observed males swarming as 


late’ as 8/x,. 


The first feds were seen.in late April and the first gravids 
and pars in early May, (Fig. 23). The decrease in the parous rate 
among the females at bait is an artifact of combining data for several 
years. In 1974 snowmelt was in mid~April and intense biting activity 
was observed less than 10 days afterwards. Snowmelt was also in mid- 
April in 1975 and around the end of March in 1976. In both years the 


first adults were not observed until 12 - 15 days after snowmelt, 
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Fig. 22. Seasonal abundance of Cultseta alaskaensts. 
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Fig. 23. Seasonal changes in fed, gravid, teneral, diapause and 


parous rates of Cs. alaskaensis. 
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(Fig. 24). In late May and early June most females collected at sites 
other than bait were fed, gravid or parous, (Fig. 23). Unfed 

nullipars appeared in June, but tenerals not until early July. Small 
numbers of feds and gravids were taken in July, presumably overwintered 
females since only pars were taken at bait from early June onwards. 
Only unfed, nulliparous females were taken from August through October. 
A teneral was taken as late as 11/ix/74, from a box shelter close 


to the lakeside pond. 


The first larvae were taken in the lakeside pond in late May, 


the first pupae in mid~June and the last pupae in early August (Fig. 25), 


Larvae were found in pool IV on 14/vi/72, (location in Fig. 2 ), and 
also in a clear rock pool without vegetation, by a stream in a wooded 


ravine 4 km east of Devon, Alberta, on 6/vii/71. 


The absence of nullipars at bait after the emergence of 
the summer generation and the absence of young larvae after the end 
of July both suggest that the summer generation do not take blood in 
the year they emerge, so that there is only one generation a year here, 


as in Alaska, (Frohne, 1954a). 


From snowmelt ae to mid-May, I noted several attacks on 
humans during the daylight hours, particularly while walking through 
the woods. During summer humans were rarely attacked unless working 
close to cattle. Females were seen attacking cattle as early as 10:00 
hours on 24/iv/74, and a series of catches made in 1975 Fe the 
shift from biting both b2fore and after sunset in May and June to 


biting only after sunset in July, (Fig. 26). The only Cs. tnornata 
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Fig. 24. Appearance of Cs. alaskaensts in spring, 1974, 1975 and 
1976. 
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Fig. 25. Seasonal abundance and instar distribution of Cs. alaskaensts 


larvae and pupae in the lakeside pond. 
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Fig. 26. Seasonal shift in numbers of Cultseta and Aedes females on 


cattle before and after sunset, 1975. 
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in May was taken in the hour before sunset, but later in the season 
they nearly all arrived after sunset. The black-legged Aedes 
attacked in numbers both before and after sunset, and the banded- 
legged Aedes almost all attacked after sunset. Frohne (1954a) states 
that in Alaska Cs. alaskaensis bites earlier in the spring. At 
Nagasaki, Japan, Mogi et al. (1970) noted a similar shift in the peak 
time of collections of Culex tritaentorhynchus at dry ice, from 


sunset in spring to after sunset in summer. 


All 9 blood-feds from George Lake, (3 from the New Jersey 
trap and 6 from the box shelters) were positive for bovines. Of the 
11 blood-feds from the windows at Edmonton, 9 were positive for 
bovine, 1 for rabbit and 1 negative. Females were observed attacking 
pigs and lambs at George Lake on the evening of 22/v/74. In Alaska, 
Hopla (1965, 1970) observed females feeding on dogs, cows, horses, 
snowshoe hares and bears, and they seemed to prefer hares and rabbits 
to rats, voles or birds as bait-in traps. In the calf—baited trap at 
George Lake, 81 of 94 (86 %) were engorged, but neither of the two 


females in the quail~baited trap were engorged. 


Sixty-three females had a mean of 183.4 eggs (range 103 - 
313, standard deviation 46.7). The mean number of eggs was 210 in 
May (32 females), 158 in June (30 females), and the female colletted 
on 22/vii had 154 eggs in what must have been at least her third 
gonotrophic cycle. Out of 484 pars examined, 80 had retained eggs 
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with 11 - 15 and 1 with 16 — 20; the mean number was 2.27. In two 
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studies in Alaska with wild-caught females fed on humans, the mean 
numbers of eggs produced were 183 (Frohne, 1954a) and 138.5 (Sommerman, 
1969). The smaller number may have been due to suboptimal feeding 
conditions, since some blood was passed undigested, and half the 


females took more than one meal before producing eggs. 


Two unfed nulliparous females collected from the windows 
on 29/vii/75 and 12/viii/75 had follicles as large as normal stage III 
follicles (170 Am long), but filled with a yellowish-brown material 
unlike yolk. One female (29/vii) had 8 such follicles in one ovary, 
13 in the other, and the remainder in stage I. In the other female 


most of the follicles seemed to be affected. 


Of 1030 females dissected, 4 (0.39 %) had golden, thick- 
walled oval bodies in their ovaries, resembling resting sporangia of 
Coelomomyces (Phycomycetes, Blastocladiales) as figured by Steinhaus, 
(1949, Fig. 104L and 105D). The ovaries were swollen and yellow. 

Three sporangia had mean dimensions of 55 x 34mm. Two of the infected 
females were taken at cattle on 22/v/74 and one on 28/v/75, and the 
fourth on a window on 29/vi/75. The infected females were well 

enough to fly to the sites they were collected and 3 of them were at 
bait, but Jenkins (1964) states that egg development is suppressed 

in infected females. Infected larvae usually die before pupation, 

and infections in adults are usually confined to the ovaries, (Couch and 
Umphlett, 1963). Coelomomyces psorophorae is found in Cultseta 
inornata larvae in southern Alberta, (Shemanchuk, 1959b), but Jenkins 


(1964) gives no records of infections in Cs. alaskaensts anywhere, 
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The alternate host for C. psorophorae is Cyclops vernalis(Whisler, 


Zebold and Shemanchuk, 1975). 


There were 29 tenerals among 330 females collected from 
the windows (8.8 %). Only 12 % were inseminated, 95 % had follicles 
in stage N and 49 % had meconium. There was some fatbody development 
in 36 % and 46 % had syrup in their crops. The nearest known breeding 
site was a permanent woodland pool by the river bank, about 1 km 
from the windows, where a IV instar larva was found on 3/vi/72. Thus in 
Cs. alaskaensts the tenerals do not only rest near the breeding sites 
but may fly quite far, and take nectar, Aedes taentorhynchus 
in Florida migrate when 6 - 24 hours old; some may still be teneral. 
Migration is sometimes preceded by flower~feeding and copulation, 


though the females are not inseminated, (Provost, 1974). 


Most nullipars at bait had follicles in stage II and F:G 
ratios never less.than 2.1, mostly 2.6 or more, (Fig. #27). Most pars, 
at bait and at other sites, had follicles in stage I and about one 
third of.them had F:G rattos).of..1.6 - 2.0. | The nullipars»atssites other 
than bait showed the biggest range of follicle stages and F:G ratios. 
All overwintered nullipars collectéd in mid-May had F:G ratios of 
1.6 or more and 87 % had F:G ratios of 2.1 or more, (Fig. 28). Most 
females of the summer generation collected in July had F:G ratios of 
1.5 or less, but from August through October most were in the range 
1.6 - 2.0, and a few in the range 2.6 - 3.0. No sign of blood feeding 
was seen in nature during these months, and the few females that 


fed in the laboratory did not produce eggs. Thus the upper limit 
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Fig. 27. Distribution of F:G ratios and follicle stages oOLecs. 


alaskaensts in relation to parity and biting activity. 
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Fig. 28. Seasonal changes in distribution of F:G ratios of nulliparous 


Cs. alaskaensts. 


At sites other than bait. 
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for females in diapause should certainly be as high as 2.0 and 
possibly higher. Four of 100 nullipars in August, 1 of 55 (2 %) in 
September, and 3 of 20 (15 2) in October had follicles in stage II, 


indistinguishable from the follicles of females caught at bait in spring. 


In April and May the nullipars still had well-developed 
fatbodies, but in the pars the fatbodies were depleted, (Fig. 29). 
Most nullipars collected from July to October had well-developed 


fatbodies, rated 2 or 3. 


Syrup was found in nullipars from May to October and in 
pars from May to July, with the highest rates in June, (Table 15). 
Two out of 6 females collected from the windows and New Jersey 
traps from 3 - 6/v/74 had syrup in their crops, Petasttes (coltsfoot) 
and Taraxacum (dandelion) flowered as early as this, but females 
were never seen on either plant. The syrup may have been the remains 
of large meals taken the previous year. In a few females the crop 
was so full that it distended the abdomen, (1 par in May and 2 in 
June, 3 nullipars in July and 4 in August). A female collected from 
a window on 31/viii/74 and dissected after 2 days storage at +2 C had 
several orthorhombic water-soluble crystals in her crop. This 
crystallization may have occurred during storage at +2 C. The absolute 
minimum air temperatures at George Lake in early September were +2 C 


or below inJall 3° vyeare 1973 = 75. 


Noteworthy features of the seasonal development of Cs. 
alaskaensts (Fig. 30) are the single generation, the late date at 


which the last pars were taken biting, (they were probably a year old 
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Fig. 29. Seasonal changes in fatbody ratings of Cs. alaskaensts in 


relation to parity and biting activity. 
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Table 15. Seasonal changes in numbers of nulliparous and parous 


Cultseta alaskaensis with syrup in their crops. 


Month Nullipars Pars 

No. with syrup No. with syrup 

exam, No. h exam. No. hs 
April 42 0 0 0 = = 
May 41 13 32 130 23 18 
June 6 4 67 114 48 42 
July 71 25 3 102 35 2) 
August 69 Li? ve) S 0 0 
September 3L 8 26 0 oe = 


October 19 10 53 0 - - 


Total vat 15 oy. 349 106 30 
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by this time), and the collection of apparently non-diapausing 
nullipars from August to October, though no blood feeding was 


detected during this period. 


3.11. Cultseta tmpattens 


I only recognised two specimens, both males, one from a 
box shelter at George Lake on 26/ix/74 and the other from the New 
Jersey trap at Edmonton on 6/x/75. Some Cs. tmpatiens females may 
have been sorted to Cs. tnornata; Frohne (1953) states that it is 


frequently impossible to distinguish the females. The two males were 


placed with Cs. morsttans dyart until their terminalia were examined. 


Cs. tmpatiens and Cs. alaskaensts have the same life cycle in 


Alaska, (Frohne, 1954b), and it is likely that they do in central 


Alberta also. My data for Cs. tnornata do not indicate any biting activity 


at the time of snowmelt, nor emergence of diapausing females in June 
and July, thus it is unlikely that many Cs. tmpattens were included 


with them. 
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3012. Culiseta tnornaqta 
3.12.1. Seasonal abundance of adults 

The earliest females at bait cattle were taken in late May, 
(Fig. 31), about one month after the first Cs. alaskaensts, and in 
small numbers. None were taken in mid-June, but there was a sudden 
increase in late June, and many until mid-August. The highest attack 
rate ever observed was 216 females on a single calf during the first 
30 minutes after sunset on 6/viii/74. There were far fewer in late 
August, and none were taken in September, though Aedes spp. were taken 
until mid-September. The last days that any were taken at bait were 


2a Nate) oe 21 /Viad fee and. 26/viii/75. 


The first females in the New Jersey traps were taken in 
mid-May (earliest date 13/v/73) and on the windows in late May 
(earliest date 30/v/75). The earliest female seen anywhere was under 
a log at George Lake on 9/v/73. Numbers of females at sites other 
than bait were small until late June, then increased to a peak in late 
July at George Lake and in early August at Edmonton. The capture of 
males from mid-June onwards suggests that this increase in females 
represented the emergence of the first summer generation. The numbers 
of females declined in August and then rose to a second peak in September, 
which suggest a second summer generation, The light trap data indicate 
an increase in nocturnal flight activity after the last females were 
taken at bait. A few males and females were taken in the New Jersey 
traps in late October, the latest female on 30/x/73 and the latest 


male on 26/x/74. 
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Fig. 31. Seasonal abundance of Cultseta tnornata, 1973-75. 
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Relative abundance in 1973, 1974 and 1975 is shown in 
Figures 32, 33 and 34 respectively. Each year the New Jersey trap 
at Edmonton caught fewer than the trap at George Lake in summer but 
more in fall. The numbers in the New Jersey traps were consistently 
higher in 1973 than in the other years and the largest single catch 
was 697 females on the night of 14 - 15/vii/73, one night before full 
moon. In 1975 more females were usually taken from the calf outside, 
in the first hour after sunset, (Fig. 34), than were taken in the calf- 


baited trap, used all night (see also section 3.1.2.). 


The New Jersey traps never caught mosquitoes before mid-May, 
though An, earlet, Cs. alaskaensts and Clx. territans flew before this. 
The surprising thing about Cs. tnornata is that none were found by 
any method until about 7 weeks after snowmelt, (5 weeks in 1972, 


eienGee , 9 in 197 4),.%6. in O75 and & in 1976). 


3.12.2. Seasonal changes in composition of catches 

The female taken in early May was an unfed nullipar. Of 
the others taken in May and June all those at bait were parous and 
almost all those at other sites were unfed pars, feds and gravids, 
(Fig. 35). The first nullipars of the summer generation appeared in 
early July in 1973 and 1975 but not until late July in 1974, 
(Table 16). The first tenerals were not taken until late July. As 
the numbers at bait decreased during August the proportion parous 
increased which suggests that fewer nullipars were being recruited 
to the biting population. Very few pars or gravids were taken after 


August, the last pars in early September and the last gravids in 
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Fig. 32. Seasonal abundance of Cs. tnornata, 1973. 


ego Se? 
a 7 0 eat mirc a ay >o% 
et in] 1 raat " Rag Te ey it] 
Sess ene 


129 


i ; ie . 
ce 
s ss 
i] 
i a ' es ws a a ; 7 Pe ’ “i 
. me is i eae 
on ao 9p1990° ‘agtt AD WO mer 
ay OA Tne . Yosienei vq emit a 7 
a By Lae ; 
: - f ah : Gare! 
4 Pe a \ Fie. a 
| is *s ! 4% 
ee shee) kn . Lptend: 
: , = “I a ae les ae ine. 
A a wumume Bermas \ethe cacen 7 ‘ * r er 
ved ai my i atqaee tauge A yi Hobe “amt Phi 
: axci spiced SAAT vaeaa0 wan a - de 
ona 
Lor +: Smigin wey eneeM | Fe ae k 
: eulum , (ayer Ae | m4 


— 


7. 


a 


5 tres = 
=. lo 


: lo fi j a : 
ré “| ae Bis T 2 — ; § : - 
4 Jecdoded hace? SL merge ’ 


Vs 
notnomba hae: hid VETLEIS _—_ 
toe “gagin 9Q) mage 


“O: rer: . 
“oe 


130 


At cattle, George Lake 


Mean per hour 


0.0 bo 
j sis 
May June July August |September| October 


New Jersey Trap, George Lake 
Mean per night 
leg e-—e Females 


1 3 
\ 


% 3 ee 
0.0 el ad a OE ea 
May June July August [September eae | 


New Jersey Trap, Edmonton 
Mean per night 
6 oO ®@ O8@ 70% 6 00 #00 0 


moon in 
® 
Ke 


ZA 
Osis weaige: Pai Were 
f a ® 
ae ee senna eg 
June July August September! October 


Windows, Edmonton 


2.0 Mean per day 
log 
(n+1) ve 
@ 


Meta 


@ SG NS 
0,0 pls en ae ll coer 
OTe Tre ila Tiny] fT in) i a a a a nt a ny] 
June July August September’ October 


Fig. 33. Seasonal abundance of Cs. tnornata, 1974. 
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Fig. 34. Seasonal abundance of Cs. tnornata, 1975. 
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Fig. 35. Seasonal changes in fed, gravid, teneral and parous rates 


of Cs. tnornata. 
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mid-September. The New Jersey traps caught few feds or gravids, 
except in late May, so their disappearance in fall was not so striking 
as it was in the window collections, where they predominated during 


summer, 


3.12.3. Larvae and pupae 

The first larvae were collected in the lakeside pond in 
early June and the first pupae in late June, (Fig. 36). The first 
summer generation was about a decade behind Cs. alaskaensts at the 
same site. There was a distinct break between the generations in late 
July, and first instar larvae of the second summer generation 
appeared in August. Larvae were most abundant in late August 
1973 and mid-August 1974, In 1973 a few pupae were collected in 
October, the last on 31/x, one day before permanent frost. A search 
was made on 6/ xithrough a hole in the ice but none were found. 
In 1974 the last larvae and pupae were taken in mid~September, and 
none were found in 1975, though the pond was searched from May to 
September. Larvae were also in the Lakeside pond in great abundance 
in August and September 1972, On 13/vii/73 they were also found in 


two sloughs in pasture, (III and VI in Fig. 2). 


Five larvae collected from the lakeside pond on 30/viii/72, 
16/viii/73, 30/viii/73 (two), and 29/ix/73, appeared puffy and 
sluggish and failed to pupate after a long time in the laboratory. 
Three were examined and diagnosed as infected with Thelohanta tntmtca 
(Protoza: Microsporida), by Dr. E. I. Hazard, U.S.D.A., Gainesville, 


Florida. This species was first described by Kellen and Wills (1962) 
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Fig. 36. Seasonal abundance and instar distribution of Cultseta 


tnornata larvae and pupae in the lakeside pond. 
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from Cs. tnormmatq in California. The infection rate in 1973 was 4 of 
290 larvae collected in August and September (1.4%), and detection of 
infected larvae in this season was favoured by the practice of rearing 
them in the laboratory. No infections were seen in any of the 62 


IVth instar larvae collected in 1974. 


3.12.4. Blood feeding habits 

Of the 87 blood meals identified (Table 17), 80 were from 
bovines (92%). The high proportion of bovine feeds at George Lake was 
not surprising since the box shelters from which most feds were obtained 
were beside a pasture, the New Jersey trap was by a cattle trough, 
and the shed was in the farmyard. At Edmonton, however, as noted 
earlier, the nearest cattle were 2.5 km from the site of collection, 
(see Section 3.4.). The two passerine feds, collected on 25/vi and 
10/viii, do not provide any evidence of a seasonal shift in host- 
preference, Tempelis (1975) in his review states that studies of the 
feeding habits of Cs. tnornatain several areas in North America 
indicate an overwhelming preference for bovines. In southern Alberta 
Shemanchuk, Downe and Burgess (1963) found that 74% of the positively 
identified Cs. tnornata had fed on cattle, but other hosts included 
pig, sheep, horse, human, rodent, dog and fowl, none exceeding 6 %. 
These figures allow for a misprint in the paper, (J. Shemanchuk, 


personal communication). 


Without information on the biting cycle of Cs. tnornata 
throughout the diel, we cannot be sure that the females were not biting 


cattle earlier or later in the year then they were seen, but at some 
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Table 17. Blood meal identifications of Cultseta tnornata females from 


George Lake and Edmonton, 1974-75. 
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mammal bird Negative Total 
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time other than the first hour after sunset. The 15 females collected 
on 10 - 11/vii/73 landed on me at intervals throughout the night, with 
no distinct peak time. This does at least demonstrate that Cs. tnornata 
sometimes bites right through the night. Shemanchuk et al (1963) found 
that most of the unfed and fed Cs. tnornata they caught in visual 
response traps in southern Alberta entered during the night with the 
main peak around midnight. During summer at George Lake Cs. tnornata 
did not usually arrive at the calves until about ten minutes after 


sunset. 


In the spring of 1975 one Cs. tnornata was taken in late May 
in the hour before sunset, but no more were taken until late June and 
then they arrived in the first hour after sunset, (Fig. 26). The 
cessation of Cs. tnornata attacks on cattle in late August was not 
because conditions in the first hour after sunset became inimical to 
feeding. Temperatures in early September were as high or higher than 
in early August when many Cs. tnornata were taken, and Aedes were 


still taken in September, (Fig. 37). 


3.12.5. Fecundity, egg retention and abnormal ovarian development 

One hundred and one wild-caught females had a mean of 144.6 
eggs, (range 72 - 273 , standard deviation 39.3). The distribution of 
egg batch sizes was skewed to the left, (Fig. 38). Individuals with 
less than 100 eggs were found only in July and August and may have 
been multipars. In Anopheles macultpennits such individuals produce 
fewer eggs, (Detinova, 1962). Other mean egg batch sizes reported 


for Cs. tnornata are 140 for colony females, (Owen, 1942), and 204 
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Fig. 37. Attack rates of Cs. tnornata and Aedes spp. on cattle in 


August, in relation to temperature. 
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Fig. 38. Individual and seasonal variation in egg batch sizes of 


Cs. tnornata. 
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for wild-caught females in Nebraska in early spring (Edmunds, 1958). 
Retained eggs were found in 144 of 1234 pars examined, (11.8%). The 
proportion of pars with retained eggs was highest in May, and throughout 
the season most of them only had one egg, (Table 18) but 3 females 
with 11 to 15 eggs were taken in July and August. They may have been 


older females that retained a few eggs from each batch. 


A nullipar collected from a calf on 6/viii/74 showed uneven 
follicle development. Ail the follicles in one ovary were in stage 
N1, and most follicles in the other were in stage IIb, with a few 
in stages I, IIa and III. One of the two females collected from the 
calf on 26/viii/75, the last of the year, was apparently a normal 
gravid with 86 eggs. The number of eggs seems too large to be retained 
while seeking a fresh blood meal, and she may simply have been 
dazzled by the flashlight. Service (1969) found 6 gravids among 
32,000 females (mostly Aedes spp.) collected from human bait. 

A female collected on 6/viii/74 from a calf had no blood visible, 

but- laid 15 eggs 3 days later on moist filter paper on the floor of 
its holding cup. These were probably eggs from a previous gonotrophic 
cycle since it was too soon to have matured eggs from any blood 


taken on the day of capture. 


3.12.6. Gonotrophic concordance of females in August 

In 1974 the last engorged females collected in the calf- 
baited trap, 7 on 13/viii, 22 on 14/viii and 3 on 19/viii, were held 
for one week in a shaded, unheated box on the forest floor, 


then dissected. All showed normal egg development.except for one 
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which had a mosaic of follicles in stages II and III, too far advanced 
to be in reproductive diapause. This evidence is against the idea 


of late summer gonotrophic dissociation by Cs. tnornata. 


3.1207. Autogeny in laboratory-reared females 

Seven cases of autogenous follicle development were seen in 
laboratory-reared females from Edmonton stocks that had been colonised 
for 2 - 26 months (2 to approximately 18 generations). Autogeny was 
not common, and did not appear in one of the two experiments (autogeny 
2), designed to measure its frequency, (Table 19). Four of the seven 
cases were found in the diapause induction experiments, described 
fully in Chapter 6. The total of 291 females includes only those that 
were never offered blood, and were at least 14 days old when dissected. 
Four of the dissected females (1.4 2%) had follicles in stages III - V. 
If like Corbet (1967) one only considers follicle development to stage 
V to be true autogeny, the number of cases falls to 2 (0.7 2). 
Moreover, in autogenous Culex tarsalts from Nevada eggs were laid as 
early as 5 days after emergence, (Chapman, 1962). If I had included 
the number of females that were 5 ~ 13 days old when dissected the 


autogeny rate would have been reduced still further. 


In the autogeny 1 experiment only two small egg rafts were 
laid by the parental generation (stock from a colony that had been 
kept for 26 months in the laboratory), and the Fy larval mortality 
was high. Only one small raft was produced by the 8 Fy females and 
the 3 larvae that hatched from it all died. In all the experiments 


the larvae were fed a 2:1 mixture of powdered rabbit pellets and 
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Table 19. Summary of records of autogeny in laboratory colonies of 


Cs. tnornata from Edmonton stock. 


(a) Autogeny revealed by dissection. 


Experiment 


(x) 


Diapause 1 
Diapause 2 


Diapause 3 


Autogeny 2 


Total 


Age 
(days) 


P=25 
14-17 


14-15 


26-29 


No. 
diss. 


16 


51 


100 


124 


291 


Autogenous Stage No. 
No. vA eggs 
i 6 IV 49 
ib 2 III bY 
2 2 DAV: 37 

2.V 6 

III 4 

0 0 = = 
4 1.4 


(b) Autogeny revealed by oviposition (autogeny experiment 1). 


Generation 


Parental 


No. of 
females * 


y) 


96 


Age 
(days) 


LO=25 
30-39 


27-30 


Egg rafts ———Numbers of 
No. te Eggs Larvae Adults 
2 2 ils, 228) 20 13 
ZansZ 7 0 
1 12 31 3 0 


(x) Details of diapause induction experiments 1-3 given in Chapter 6. 


(y) 110 females in parent generation but only 96 survived more than 14 days. 
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bakers' or brewers! yeast and the adults were given soaked raisins. 
Spielman (1971) states that while genetically anautogenous mosquitoes 
cannot be made autogenous by superabundant larval feeding, autogenous 
development can be suppressed by the starving or overcrowding of 
genetically autogenous larvae. The larval diet I supplied was adequate 
for maintaining the colony for two years when the adults had blood, 

but one cannot be sure that the autogeny rate would not have been 


increased by a different larval diet. 


Owen (1942) reported that he saw only three autogenous 
females in a colony of Cs. tnornata from Wyoming, (total number not 
stated), and none of them laid more than 15 eggs. Washino and Shad=Del 
(1962) found that 4 of 27 females (15 %) from larvae and pupae collected 
in California in April developed some of their follicles to stage III 
or beyond. These two authors mistakenly state that Chapman (1962) 


found autogeny in Cs. tnornata in Nevada. He did not examine any. 


Two possible cases of autogeny were found in dissections of 
wild-caught, unfed females. One was caught in the New Jersey trap 
at George Lake on 16/vii/74 and had all her follicles in stage III. 
The other, a nullipar taken from cattle on 22/vii/74, had 2 follicles 
in stage III and the rest in stage Ib. If these were autogenous 
females they were only 2 out of 882 nullipars collected (0.25 4) during 
the gonoactive season (here taken as early May to mid-August). Both 


might have taken small blood meals before. 


The mean number of follicles at stage III or beyond in the 


7 laboratory cases was only 33.4. Compared with the autogeny of a 
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Culex tarsalis population in California, in which over 95 % of the 
wild-caught females in July and August are autogenous and produce an 
average of 90 eggs, (Spadoni, Nelson and Reeves, 1974), autogeny in 

local Cs. tnornata does not seem to be an important factor in their 
reproduction, However, most of the first females to appear in the spring 
were parous, and this has been used as evidence for autogeny in 

Mansonta richtardit in England (Service, 1969) and for several Tabanid 
species in Alberta, (Thomas, 1972). It may be that only the overwintered 


females are autogenous. 


3.12.8. The teneral stage 

Only 20 tenerals were collected, 16 of them in box shelters 
and in the Stevenson screen close to the lakeside pond, a known 
breeding site. All but one of the tenerals (95 %) were inseminated 
(Table 20), a much higher rate than in the other species (0 - 12 Z). 
This may be because most females become inseminated at the site of 
emergence. Carpenter observed copulating pairs at the edge of a 
pool (Carpenter and LaCasse, 1955). On 24/viii/72 I observed many 
males resting on the mossy banks in a shady part of the lakeside 
pond, They made short flights over the surface of the pond, touching 
the water surface every 15 cm or so, then returned to the bank 
and rested for about 30 seconds before making another flight. 
Copulation does not only occur at the emergence site; a couple was 


taken on one of the windows on 3/ix/75. 


The follicles had reached stage I in 44 % of the tenerals, 


and 70 % had fatbodies rated 1, but only one teneral (5 %) had syrup 
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Table 20. Insemination rates, follicle and fatbody development and 


presence of meconium in teneral and post-teneral Cultseta 


tnornata. 


No. examined 


% inseminated 


No. examined 
% in stage N1 
N2 


No. examined 

% with fatbody rated 0 
1 
2 
s 


No. examined 


4 with meconium 


Number examined 


4 with syrup in crops 


Teneral 
(with muscle 
remnants) 


20 
95 


56 
44 


30 
70 


(a) Post-teneral nullipars only. 


Post-teneral 
(without muscle 
remnants) 


1489 
2 eicve, 


2129? 
0.3 
1.5 

71.0 
19.6 
7.6 


SE /rall 

4.6 
29.4 
53.0 
13.0 


3549 
0.1 
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in her crop. Meconium was found in 10 2 of the tenerals and in 0.1 % 


of the post-tenerals,. 


3.12.9. Follicle development 

Most nullipars at bait had F:G ratios greater than 2.0 
and follicles in stage II, (Fig. 39), but most pars, both at bait and 
at other sites, had follicles in stage I, and a quarter of them had 
F:G ratios of 1.6 - 2.0. The nullipars at sites other than bait were 
the most diverse group owing to the presence of both gonoactive and 
diapausing individuals, and seasonal changes in the distribution of 
F:G ratios in this group are shown in Fig. 40. From early July to 
early August most nullipars had F:G ratios greater than 2.0, but from 
mid-August onwards most had F:G ratios of less than 1.5. This was 
the time when numbers at bait sharply declined and feds and gravids 
ceased to appear at other sites. Setting an upper limit of 1.5 for 
the F:G ratio females in diapause agrees with the seasonal feeding 
pattern, except for a few apparently diapausing females in July and 
early August, and a few apparently gonoactive females in September and 
October. Using this upper limit the percentages of nullipars in 
diapause in 1974 and 1975 are shown in Fig. 41. In both years the 
major increase in diapausing females occurred in mid-August. The 
rather abrupt changes in October may have beendue to the small sample 


sizes. 


In May, June and early July most nullipars at sites other than 


bait had follicles in stage I, (Fig. 42). From mid-July to early 


August most had follicles in stage II, and from mid-August onwards 
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Fig. 39. Distribution of F:G ratios and follicle stages of Cs. 


tnornata, in relation to parity and biting activity. 
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Fig. 41. Diapause rates in nulliparous Cs. tnornata, 1974 and 1975. 
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most were in stage I, though a few with stage II follicles were found 

up to mid-September. Most nullipars had follicles in stage II 

during the period when peak numbers were taken at bait. This association 
between gonoactivity and the possession of stage II follicles was 


not seen in May, but the sample was small. 


3.12.10. Fatbody development and fungous infections 

More fat females were taken at other sites than at bait, 
and more fat nullipars than pars (Fig. 43). Amongst the nullipars, 
the diapausing females (segregated by F:G ratio) were not fatter than the 
non-diapausing ones. The main difference in fatbody ratings was a 
seasonal one. From July onwards, when many of the Compositae flowered, 
(see section on flower visiting), the proportion of females with 


abdomens filled or distended with fatbody rose steadily in ail groups. 


In August, September, and October, 35 unfed, nulliparous 
females from the New Jersey traps, windows, a Tanacetum flower and the 
Carex meadow were found with their abdomens infected with fungus. 
Seasonal infection rates are shown in Table 21. The numbers dissected 
include only nullipars at sites other than bait, since all infected 
females fell in this group. Most infected females seemed to be in 
ovarian diapause. The earliest was taken on 9/viii and the latest 
on 23/x. The abdomens of infected females were distended with fatbody 
but it was loose and crumbly and seemed to be the main site of 
infection. The basic unit of the fungus was an oval structure about 
50 pm long with granular contents. These units branched or budded 


and the mycelium resembled that of Coelomomyces pentangulatus, as 
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Fig. 43. Seasonal changes in fatbody ratings of Cs. tnornata in 


relation to parity and biting activity. 
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figured by Couch and Umphlett, (1963). 


Twelve infected abdomens were examined by C. J. Umphlett, 
Botany Department, Clemson University, South Carolina, however, and 
his diagnosis was "possibly conidia of an imperfect fungus and mycelium 
of a phycomycete (not Lagenidium giganteum)". All the infected females 
except possibly the one collected from the Cgrex meadow, were well 
enough to fly to the sites were they were collected, but any infection 
destroying or damaging the fatbody would reduce the chances of over- 


wintering successfully. 


9,12,11. Crop tcontents 

Aithough the fatbody in Cs, tnornata was not so well- 
developed as in some other species, such as 4n, earlet, more female 
Cs. tnornata had syrup in their crops than in any other species. 
Nullipars more often had syrup than did pars, and those at bait more 
often than those at other sites, (Table 22). The highest rate, 79 2, 
was seen in early September, and 50 % of those caught in mid-October, 
after most flowers were over, had syrup. Bacteria-like rod-shaped 
bodies were found in the syrup in five individuals, 2 in July, 1 in 
mid-August, and 2 in late August, 1974. Thus syrup might have come 
from other sources than flowers, such as rotting fruit or aphid 
honeydew . Mosquitoes in Maryland have been observed feeding on 


damaged or overripe fruits such as grapes (Joseph, 1970). 


3.12.12. Summary of seasonal development 
Although Cs. tnormata was not found in winter, the observed 


seasonal development (Fig. 44) suggests that it is adapted for 
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overwintering in the adult stage. The earliest individuals collected 
in Spring were adult females and the last collected in fall were pupae 
and adults , If overwintering were in the larval stage one would 
expect an arrest of larval development in the fall at a particular 
instar, but as fall progressed the larvae disappeared and only pupae 
were taken. If overwintering were in the egg, one would expect 
females in the fall to continue blood feeding and producing more 
eggs,but all the females were in diapause. Although eggs or larvae 
might sometimes survive the winter, it does not seem to be part of 


the strategy of the local race. 


3.13. Cultseta morsttans dyart 

The first females of this subspecies that I collected I 
identified as Cultseta tnetdens because of a tendency for the wing 
scales to be grouped more densely in some patches, and I used this 
name in field notes, computer analysis of dissections, and several 
reports, one of them published, (Hudson, 1974). On reexamination of 
pinned adults (47 females and 65 males) I would assign all of them to 
Cs. m. dyari, except for 3 female Cs. s. minnesotae and 2 male Cs, 


tmpatiens, and none to Cs, tinetdens. 


The data on seasonal abundance of adults, (Fig. 45), are hard 
to interpret because few adults were collected. Males and females were 
taken from mid-June to mid-October, the best sources being the windows, 
New Jersey traps and box shelters, in that order. (In Fig. 45, note 
that the four graphs are not all to the same scale). The first females 


in the quail-baited traps were in late July (24/vii), though the traps 
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9 QUAIL— BAITED TRAPS (3) 
20 - George Lake, 1975 
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Fig. 45. Seasonal abundance of Cultseta morsttans dyart. 
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had been out once each decade from early May. Four females were 
taken the last night the traps were used, (26 - 27/viii). The other 
three collecting methods disagree on the period of maximum abundance. 
The box shelters suggest that it was late June, the windows mid- 


August, and the New Jersey traps early September. 


Blood-feds were taken from late June to mid-October and 
gravids from early July to late September (Fig. 46), over a month 
later than in any of the other species. The first pars were taken in 
mid-July; from mid~August onwards, most were parous. The data do 
not indicate the number of generations per season. Nullipars were 
taken in October, and females would have been first instar larvae no 
earlier than August. If overwintering is in the egg, these last 
nullipars could have come from eggs laid the previous year which did 
not hatch until August, either because they were not flooded before , 
or because more than one flooding was needed to hatch them. Alternatively 
there could be a facultative egg diapause, those eggs laid before a 
certain date hatching immediately and developing to adults the same 
year, and those eggs laid after that date not hatching until the 
next year. Egg hatch after early August would not allow the resulting 


adults time to feed and produce eggs before winter. 


A female Cs. m. dyart was reared from a group of Cultcella 
larvae collected from the lakeside pond on 30/viii/73; all the others 
were Cs. s. minnesotae. A IV instar Cultcella larva was collected 
by City of Edmonton staff c.13/v/75 at Sherwood Park, 11 km east 
of the city. The antennae and most setae were missing and the larva 


could have been either Cs. m. dyart or Cs. s. mtnnesotae but the early 
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Parous rates 
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Fig. 46. Seasonal changes in fed, gravid and parous rates of Cs. m. 


dyart. 
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date suggests the former. 


Of 29 blood meals tested, 22 from Edmonton and 7/7 from George 
Lake, 28 reacted. Fourteen of the positives were passerine (50 Z), 
2 hawk (7 4) and 12 "unidentified bird" (43 %). Preference for 
Passerines is not proven because more than half the bird species and 
probably most of the individuals at both study sites belong to this 
order, Further evidence of attraction to birds was the high proportion 
of Cs. m. dyart in the quail-baited traps (24.7 %), though only 5 of 
the 60 collected (8 %) were engorged. A female was caught from human 
bait one hour after sunset on 23/viii/72, another (unfed) was collected 
in the calf-baited trap on 27/viii/74, and a third on a calf outside 
on 3/ix/74. Service (1971) reported that 95 % of Cs. morsttans 
tested from England had fed on birds, and a few on man, rabbit, bovid, 


and reptile. 


Sixteen gravid females had a mean of 110.8 eggs, (range 
54 - 194, standard deviation 37.7). This is very close to the mean 
of 109.2 + 25.0 obtained for the English form, (Service, 1968a). 
Retained eggs were found in 15 of 93 pars (16 4); 10 had 1, 2 had 
2, 2 had 3 and one had 11. One female laid eggs in a cluster on moist 
filter paper in the laboratory. The eggs did not hatch after more 
than a week at 20 C. They were rounded at one end and pointed at 


the other as figured by Marshall, (1938, Fig. 57u). 


No teneral females were found, but 1 of 279 (0.4 %) had 


meconium, 38 of 269 (14.1 2) were uninseminated and 2 of 279 (0.8 2%) 
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had follicles in stage Nl. Most nullipars at bait had follicles in 
stage I and 24 % of them had F:G ratios of less than 2.0 (Fig. 47), 
but most pars at bait had follicles AY sBAdes IIa and IIb, and all had 
F:G ratios of more than 2.0. By contrast, most nulliparous (Cs. 
tnornata at bait had follicles in stage II and most pars at bait 


had follicles in stage I, (Fig. 39). 


Females with F:G ratios of less than 1.5 were found only 
from mid-June to early August, and they were in the majority only in 
early July, (Fig. 48). These females with small follicles may have 
been recent post~-tenerals, but no tenerals were found with then. 
Although the first blood-feds were taken in late June, (Fig. 46), blood 
feeding seems to develop quite slowly in the population. The quail- 
baited traps did not catch any females until late July, (Fig. 45), 
and the proportion parous did not reach 50 2 until mid-August. It 
may be that Cs. m. dyarthasa diapause 2 - 4 weeks after emergence 
before it takes blood, This time would be well spent feeding on flowers, 
which would be at their peak, and the reserves accumulated would help 
maintain the gonoactivity of females in late summer and fall. There 
could also be some advantage in laying eggs late, when pool sizes 


had stabilized and egg predators were less active. 


Fatbody development was greatest in July, except for a late 
August sample of only two individuals (Fig. 49), and the females in 
September were thin. The most females with syrup in their crops 
were found in late June and early July, except for nullipars in 
mid-September, another small sample. These findings give some 


support, limited by small sample sizes, to the idea of a summer diapause 
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PIG RATIOS FOLLICLE STAGES 
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Fig. 47.. Distribution of F:G ratios and follicle stages of Cs. m. 


dyart in relation to parity and biting activity. 
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favouring nectar feeding and fatbody accumulation. 


Male swarms were seen on two evenings in 1974, while females 
of other species were being caught from a calf in the SE corner of a 
pasture, near the farmyard at George Lake. The first swarm was observed 
on 13/viii between 21:15 and 21:50 hours (mountain daylight time), 
or 0.20 to 1.05 crep, and had dispersed by 21:55, The temperature 
was 6 - 7 C. About 20 - 50 males were swarming 1.5 - 2.5 m over the 
edge of a patch of grass about 0.7 m high by the driveway, outside 
the fence. A few males were smaller than the rest, Four large and 
one small male captured were Cs. m. dyari and Clx. terrtitans, 
respectively. The second swarm was seen on 26/viii, between 21:00 
and 21:10 only, or 0.58 - 0.84 crep. The temperature was 10 = 11 C. 
About 60 males were observed swarming in almost the same place as 
before, about 2 m behind the tethered calf and 1.5 - 3.0 m above 
the ground. Three males-were caught, all Cs. m. dyart. A female was 
found in the nearby calf-baited trap the next day. Both swarms were 
"marker swarms” in the sense of Nielsen and Haeger (1960), wha do not 


give any previous records of swarming in Cs. morsttans(sens.lat.). 


The seasonal pattern (Fig. 50) is incomplete because only 
one larva and no tenerals were found. The first appearance of 
adults in mid-June suggest overwintering as eggs rather than mature 
larvae, since overwintering in theIII or IV instar should have permitted 


adult emergence in May. 
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3.14. Cultseta stlvestris minnesotae 

Only 50 adults were taken, most of the males in September 
and October and 5 of the 8 females in May, (Table 23). Two females 
were taken in late May, 1972 in modified Malaise traps (Hocking, 1970), 
as part of another project. The female taken in the Malaise trap on 
10/v/72 was nulliparous. A gravid was taken on a window on 7/vii/76. 
It had 117 eggs, rounded at both ends like those of Cs. Pe, and 
unlike those of Cs. m. dyart. All the other females collected were 


unfed; none were dissected. 


Forty-seven larvae were collected from the lakeside pond, 
(Table 24). One of the adults reared from the collection of 30/viii/73 
was a Cs. m. dyart, but all other adults bred out in 1973 and all IV 
instar larvae examined from 1974 were Cs. s. minnesotae. It cannot be 
excluded, however, that some of the other early instar larvae were 
Net Cs.ote ayart, The early appearance of females in spring suggests 
that they overwinter and this was confirmed by finding one in a snow- 
covered rockpile in mid-March, (see Chapter 7). Graham (1968) took 
females during May, July and August in Malaise traps close to the lake 
shore. It is odd that only one specimen was found in the box shelters, 
some of which were close to the site of Graham's Malaise traps and to 
a known breeding site. The collection of larvae from June to September 


suggests more than one generation per year. 


Some additional adults may have been misidentified as 
Cs. tnornata (females only) and Cs. m. dyart (males and females), 


particularly in the early stages of the project. 
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Table 23. Cultseta stlvestrts mtnnesotae adults collected at Edmonton 


and George Lake, 1972-76. 


Edmonton George Lake Total 
F M F M F M 
May uf i 0 0 0 dL 0 
EL 0 0 0 0 0 0 
HD 2 0 2 0 4 0 
June T 0 0 0 0 0 0 
igh 0 0 0 0 0 0 
iE 0 0 0 0 0 0 
July p ue G3) 0) 0 0 ‘i 0 
IL 0 0 0 6 0 6 
LL 0 0 0 0 0 0 
Aug ul 0 0 0 if 0 1 
TT L 0 0 a ae i 
LLL 0 0 iL 0 ap 0 
Sept i 0 2 0 6 0 8 
Le 0 5 0 0 0 5 
si ie 0 0 0 14 0 14 
Oct ib 0 ©) 0 1 0 6 
jege 0 0 9) 0 0) 0 
ah & 0 0 0) u 0 cA 
Total ie WE 3 30 8 42 


(g) gravid. All others unfed. 


F = Female, M = Male. 
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Table 24. Cultseta s. minnesotae larvae and pupae collected from the 


lakeside pond, 1973-75. 


1973 
August II 
ests 
September i 
ita 
ELE 
1974 
June IIIf 


Ly sh 


1975 


June IIL 


TOTAL 


0 


Actual numbers collected— 


ce La IV Pupae Total 
0 0 3 0 3 
di Le i} 10 19 >) 
0 0 1 3 4 
0 0 J. 2 6 
0 0 0 L 1 
0 1 0 0 i 
0 5 4 0 9 
0 ib Z 0 5: 
0 a 0 0 1 
l 9 18 19 47) 


(a) To nearest whole number. 


(b) One Cs. m. dyari reared from the sample of 30/viii/73 
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per 100 
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3.15. Notes on Aedes and Coqutllettidia 

Seasonal distributions of each of the species in New Jersey 
traps and at cattle are shown in Fig. 51, and seasonal abundance of 
five of the more common Aedes species according to the two methods are 
shown in Fig. 52 and 53. The points in Fig. 51 are the mean logs 
(n + 1), but the points in Fig. 52 are arithmetic means converted to 


logarithms for ease of plotting. 


Over 80 % of the mosquitoes collected in the New Jersey 
traps were Aedes vexans females, but 37,147 of the 61,383 females (60.5 2%) 
in the trap at George Lake were taken on two nights (12,245 on 
15/vii/73 and 24,902 on 13/viii/75, the latter estimated from a subsample). 
Ae. flavescens, Ae spencerti and the Ae, fitchtt group were more 
abundant at cattle than they were in the New Jersey traps, Ae 
spencerit was taken on humans as early as 11/v in 1972, and on 22/v/74 
there were many on cattle at George Lake, though I collected few. 
Ae vexans, Ae. spencertt and Ae. dorsalts were a nuisance at George 


Lake until mid or late September in 1973 and 1975, 


The New Jersey trap data suggest that Ae fitchii and 
Ae. flavescens had only one generation per year, and Ae. spencertt 
had two or three generations or broods. The numbers of Ae. dorsalis 
reached a peak in July in all 3 years, but there was a June peak only 
in 1974 and a September peak only in 1973. Ae. vexans numbers 
reached their main peak in mid-July, and smaller peaks in late August 
and late September may represent second and third generations or broods. 


A few were taken in mid-October, 1975, though this species does not 


ears at 0. eens 
Res sonpbands on | a sa w 3 
9x8 abodsom owt sid ed geil | ‘saul fe et . 
sat ame is dl ie le 2 bm $2 fi 

04 bsdxevndo ‘cum psaghiane aia a wn 
-antssotg to oan ‘qo tema 


i 


ata . 
a! ‘SOC To 
sé 
bss 7 


meee Arc 


(8.2, 08) esleinst eRe, te ere re ee: e ee “asta se ‘aa ae: 
\ } : arn 


=e: 


mo @AS,S5) enigkn oud: ing cand arew sia egtosd a8 gr 2 he 
7 - 7 i 


(olqmedve s mott beteatias ‘eval ‘sda ses\anan\es m0 fog,os bas 

anon STS. quosg Salo, ah oth) ‘tins, Sesonege Abs 
quad qoaral ae nv nak s59M weds ned 4 011389. ah 
ster pk VALS es clase ap a ac nates sew 


aveig 


Bh 

bT\e\ SS a0 ban 
_ sei basse fos I quasi Lestad’ egtaed dy alti 00 aes ow 
ican te sone luliig hdd adie sh ‘bead tibeuiih Jae rats 
ihe nm ct sean 


Apa Ses eee dim me Ad (ei, , 
bas Slot) sh Jatt Jessa aish qovd, yoarst, well edt ‘va my | 


potsonsage ane ied +99 poitsaxonsg sno ico bad 
etinsiol .oh so niin 97 leat eh aneeanaaes aa 
in a «sg rw na oi 
erodaua eramee »Sh RRL. mk lino Anan, sadmea gene Bile | 
douguh stat at edugg aetinme bus, clutebin ‘at dineg abaa 2 


toons 1 ani imida bm henooe simmer oe 


~ - wy, i 


174 


if Tl il mya 1 1] | ll ar Pele Le TE ay 
Lah a Me oe ttl 
Aedes campestris ne oa 


. Cattle D 2; Ho - 
Aedes canadensis Soe chloe 


Cattle 
N.J.Traps} 


' Catti 
Aedes dorsalis NEY taps 


Aedes cinereus 


F Cait 
Aedes excrucians re 


5 out Cattl 
Aedes Ertenid group No Tribe 


Cattl 
Aedes flavescens Nittraps 


A ‘ Catt 
Aedes riparius aaa 


‘al mae: RR MEESTER BLN PD 


oe Cattle 
Aedes Spencer N.J. Trap A postmen sree nan wen 


i ¥ 


G a tt le Sea OR 2 a A 


Aedes vexans NiTraps fs 


Black—legged Aedes ea 


Cattle 
NJ Traps 


Coq. pertubans 


SUPPLEMENTARY RECORDS 
D= Dry ice baited traps 


Q= Quail baited traps 
H=O0On Humans 


F = On Flowers 


Fig. 51. Seasonal distribution of Aedes and Coqutllettitdita females 


captured at cattle and in New Jersey traps. 
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Ae. flavescens, Ae. spencertt and Ae. vexans females in 


New Jersey traps, 1973-75. M_ = Williams' Mean. 
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tolerate cold, (see Chapter 8). 


The term 'Jedes fitchit group" covers those females that 
keyed to Ae, fitchit using Carpenter and LaCasse (1955). Enfield 
(1976) reported two species in the Calgary area, Ae. mercurator 
Dyar and Ae, barrt Rueger (= euedes Howard, Dyar and Knab), which 
are not included in Carpenter and LaCasse (1955), and the adult females 
are similar to those of Ae, fttchit. lnfield has also found specimens 
of Ae. barrt and Ae. mercurator in collections from Edmonton, some 
previously identified as Ae. sttmlans. It is now doubtful whether 
any of the Alberta records for Ae. sttmulans are valid. I have therefore 
used the term "4e, fitchit group" instead of the "Aedes stimulans 
group'' of Barr (1958), but the choice of "type species" is arbitrary. 
It is clear that more fundamental work is needed on this group of 
species, which are severe pests in the Edmonton river valley during 


June, 


My "black~legged Aedes" group is the "black~legged 
Ochlerotatus group" of Graham (1969b) and others and the "Aedes 
commnts group" of Barr (1958). I have not learned to separate the 
adult females to species, and many of the specimens were unidentifiable 
because they were rubbed. Graham (1969b) recorded 11 species of this 
group from George Lake; Ae. cataph lla, commints, dtantaeus, 
hexodontus, tmplicatus, tntrudens, ptontps, pullatus, punctor, 
sticticus and trichurus. I sent 70 females collected during a trial 
of repellents in 1973 to the Biosystematics Research Institute, 


Agriculture Canada, Ottawa. Their staff confirmed all Graham's records 
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except Ao ,hexodontus and trichurus. They also found two specimens 
of Aedes abserratus (Felt and Young), one from George Lake on 
7/vi/73 and one from 24 km east of Athabasca on 17/vii/73. This is 


a new record for Alberta. 


Some flower-visiting records for Aedes are given in Tables 


5 and 6. 


3.16. Discussion 
Overwintered, nulliparous An. earlet, Cla. territans, and 
Cs. alaskaensts were seen within two weeks of snowmelt, but Cs. 


tnornata did not appear until about 7 weeks after snowmelt, and the 


first collected each year were almost all pars and gravids. The same 


phenomenon was noted in Colorado at around 40° N by Dow, LaMotte 
and Crane (1976), in resting collections under bridges. The first 


Clx. tarsalts, which appeared in February and March, were nullipars 


or bloodfeds but the first Cs. tnornata, which appeared in late March, 


were all gravids and pars and the first nullipars appeared in early 
May, after larvae had been seen. The following explanations for my 


results may be considered: 


a) Overwintering by gravids and pars. This seems very unlikely 
because few gravids or pars were taken in September and none in 


October, though many females were examined, 


b) Overwintering and first blood meal outside the study areas, and 
subsequent immigration by gravids and pars. This would explain the 
time lag, and the blood meal identifications suggest the blood-feds 


move at least 2.4 km in summer. The preponderance of gravids on the 
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windows in summer, far from any known feeding site suggest that gravids 
too may disperse far. Osetnella frit and Drosophila funebris disperse 
actively between ovipositions, (Johnson, 1969). Long flights would 
deplete the females' energy reserves, however, and there would be 


few nectar sources at this time of year to replenish then. 


c) Feeding by females on a host at the overwintering site, leaving 
the site when gravid. This would also explain the time lag and could 
be of great epidemiological importance if the host was a reservoir 

of Western Encephalitis, such as Richardson's Ground Squirrel. 

There is no evidence for this in piranha te (1965) study of over- 


wintering in burrows, however. 


d) Feeding after leaving the overwintering site on an unusual host 
such as a bird. Some support for this view comes from the finding by 
Dr. R. Brust (in litt.) of 10 blood-fed Cs. tnornata in late May 

in Winnipeg, 9 of which had fed on passerine birds and 1 on a bird 

and a horse. The quail-baited traps were put out from early May 

with this idea inmind but Cs. tnornata were never taken, even in 
summer. If feeding had taken place in the study areas it is surprising 
that no feds were found since digestion would have been slow at this 


time of year. 


e) Feeding on cattle, the main hosts, soon after snowmelt but at 
some time in the diel when the cattle were not examined. I consider 
this the most likely explanation, since the cattle were not examined 
throughout any 24-hour cycle and a brief spell of warm weather would 


have been enough for most of the population to feed. It is nonetheless 
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odd that no stragglers were taken in any of the catches at cattle, 


and no blood feds were taken at other sites. 


f) Autogenous production of the first egg batch. Harwood (1966) has 
shown that the expression of autogeny in Clx. tarsalts is affected by 
daylength. If ¢s, tnornata females mature eggs autogenously on 
emerging from diapause, it would put an additional strain on their 
reserves, already depleted during winter. It is hard to see what 
advantage they would gain from neglecting plenty of available hosts 
in the area, except time, and the first larvae were found after those 


of the other species. 


Graham (1969b) caught a number of Cs. tnornata in the 
Malaise trap at George Lake in the first half of May, 1966, but he 
does not give a parity rate until early June, when most of. the few 


examined were parous. 


The F:G ratio seems to be a good indicator of the onset 
of diapause in the population. Females with "diapausing" follicles 
were not found at bait, and their mass appearance at other sites 
coincided with the cessation of blood feeding. The upper limit of 
1.5 used by Spielman and Wong (1973a) for the F:G ratio of diapausing 
Clx. pipiens, seems to be applicable to Clx. terrttans and Cs. 
tnornata also, but for An. earlet and Cs. alaskaensis an upper limit 
of 2.0 is more appropriate. In all species there were a few 
females with F:G ratios above these upper limits during the fall. 
In An. earlet, Cs. alaskaensts and Clx. terrttans some of the pars had 


F:G ratios below the upper limit set for the diapausing females, thus 
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the F:G ratios are not a substitute for examining for parity. 


It was impossible using the F:G ratio to distinguish between 
females that were truly in diapause and gonoactive post-tenerals whose 
follicles were still growing. Further study may reveal other age- 
related changes to distinguish these groups. Presence of meconium and 
lack of insemination were not reliable indicators of the teneral state. 
In the meantime, the best indicator of recent post-tenerals in a 


sample is the presence of tenerals. 


The "primary resting stage" of follicle development in an- 
autogenous nulliparous individuals is the stage at which development is 
arrested until a blood meal is taken. This stage varies between individuals 
of a species and between species (Rosay, 1969). In Anophelines the 


primary resting stage usually seems to be stage II. Mer (1936) showed 


that females of An, sacharovit Favr. (= elutus Edw.) with follicles in 

stage I would not produce eggs after a single blood meal in the laboratory, 
and he considered the restriction of follicle development to stage I 

in females in the fall to be the factor producing "semi-hibernation" 
(gonotrophic dissociation). Variation in the follicle stage of nulli- 
parous females in my bait catches may represent individual variation in 

the primary resting stage, or may indicate that some females seek their 
first blood meal before the primary resting stage is reached. Both 

factors may be involved. All An. earlet females at bait had follicles 

in stage IIa or IIb, most Cs. alaskaensts and Cs. itnornata had follicles 


in stage Ila, and most Cs. m. dyart had follicles in stage I. Most nulli- 


parous Cs, tnornata and all Cs. m. dyart taken at bait would have emerged 
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the same season, while all Cs. alaskaensts and most An, earlet would 
have emerged the previous season, thus in the last two species the 
advance of the follicles to the resting stage was post~diapause 


development. 


The "secondary resting stage" is the stage of arrest of 
follicles of parous females before their second blood meal. Several 
authors (6,¢. Christophers, 1911, p. 76; Detinova,. 1962,°>p." 39; 
Bertram, 1962, p. 201) state that the secondary resting stage cannot 
be earlier than stage II, because the secondary follicles have already 
reached this stage when the first batch of eggs is laid. Rosay 
(1969) showed this generalisation did not apply to 4 culicine species, 
in which the secondary resting stage was usually stage I, but she 
considered the earlier generalisation was true for two anopheline 
species. Most of the parous An, earlet that I took at bait had 
follicles in stage II, most Cs. tnornata and Cs. alaskaensis had them 
iiestage 1.) and the numbers of Ce. m. cyart in stages\l, Ila and IIb were 
almost equal. Thus the follicles of some or most of the females had 
not reached stage II by the time the first eggs were laid, but this 
does not identify the secondary resting stage, and it may not be the 
same in all individuals. The most important conclusion here is that 
the follicle stage alone does not indicate whether a female is 


gonoactive or diapausing. 


Fatbody ratings were poor indicators of diapause. Some pars 
of all species had fatbody ratings of 3. AllCs. alaskaensts and 
Cs. tnornata, in September seemed to be in diapause, but less than 


half had fatbody ratings of 3. It was generally true however, that 
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fatbody development in the population was greatest after diapause had 
set in. Spielman and Wong (1973a) noted that in Culex ptptens in 
Boston the first "fat" females (equivalent to my rating of 3) appeared 
in mid-September, about 2 weeks after they entered diapause and they 
interpreted diapause as "a transient condition that precedes hypertrophy 
of the fatbody". The value of the early appearance of diapause in 
local species may be that it permits uninterrupted nectar feeding 
before the flowers are over and so ensures an adequate winter food 
reserve. The seasonal availability of nectar and other carbohydrate 
sources must be an important factor in determining the optimum time 

of onset of diapause. Late appearance of diapause will increase 


reproductive potential but may decrease winter survival. 
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4, EXPERIMENTS WITH WILD-CAUGHT, DIAPAUSING FEMALES 


4.1. Introduction 

Field data for Anopheles earlet, Culex territans, Cultseta 
alaskaensts and Cultseta tnornata suggest that they do not take 
blood or produce eggs in fall (Chapter 3) or winter (Chapter 7). 
Follicle growth, blood-feeding and assimilation in wild-caught, 
diapausing females was studied under laboratory conditions to determine 


the duration and intensity of diapause. 


4,2. Materials and methods 

Cultseta and Culex females were collected from windows on 
the payee ey of Alberta campus and Anopheles females from box 
shelters at George Lake and the root cellar at Ellerslie (see Chapter 
7). Some Cs. tnornata females in 1973 were held in a cubical cage 
of side 35 cm, in a room at 2 - 3 C and 12 hr daylength, and given 
10 % sucrose on cotton wool pads. The BET Li Ae in the other 
experiments were held in groups of up to 20 in plastic cups or 
paper-lined plastic pill vials covered with netting, or in the plastic 
tubes supplied with the WHO kit for testing the susceptibility of 
adult mosquitoes to insecticides. A soaked raisin was placed on each 
container, and the containers were kept in incubators or in the culture 
room, (methods in Section 2.14.). Most females were stored in the 
dark at 2 C for some days between collection and the beginning 


of the experiments. 


For blood-feeding exposures Anopheles and Cultiseta 


females were transferred to a netting-covered 250 ml beaker held 
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againstemysiorearm for 15 minutes, in the light at 20 = 23 C...A 
western toad (Bufo boreus), from George Lake on 19/viii/75 sat 
unrestrained on moist sand in a 3.6 litre glass jar in the culture 
room, and Culex terrttans females were introduced through a small hole 
in the netting cover. The first exposure lasted 16 hr overnight 

and later exposures 6 hr during the photophase. Blood-fed mosquitoes 


were dissected 5 = 8 (usually 7) days after feeding, 


Cultseta tnornata midguts for protein and trypsin assays 
were dissected out and stored with a few drops of 0.7 % NaCl in 
screw cap vials in a freezer. Each midgut was homogenized in 1 ml 
tris buffer (pH 7.9), centrifuged at 14,500 g for 10 minutes, and 
5 subsamples of 0.1 ml withdrawn from the supernatant fluid, 2 for 
protein and 3 for trypsin assays. For protein assays each subsample 
was reacted with alkaline copper and folin phenol and the absorbance 
read at 750 nm, (method of Lowry et al, 1951). The absorbance 
readings were converted to g/ml (= pg/female) by comparison with a 
standard curve prepared using bovine serum albumin. For trypsin 
assays, two of the subsamples were incubated with 1.0 ml of 2.0 mM 
BApNA in 50 mM tris buffer (pH 7.9) for 15 minutes at 30 C, then 
O.> ml of 30 4 acetic acid was added to stop the reaction. For 
a reagent blank, BApNA was incubated alone and the third midgut 
subsample added after the acetic acid. The absorbance was read at 410 
nm, and the reagent blank reading subtracted from each assay reading, 
(method of Huang, 1971). ‘The absorbance for both assays was read 


on a Beckman DU-2 spectrophotometer. 
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4.3. Results 


4.3.1. Anopheles earlet 

A female An. earlet was considered in diapause if she had 
no follicles in stage II and an F:G ratio no greater than 2.0, 
(Chapter 3). All females collected from box shelters at George Lake 
from 18 - 19/ix/74 and dissected immediately were in diapause, 
(Table 25a). The rest were offered blood, but only 2 of 20 fed at the 
first exposure and none at later exposures. Both feds were still 
-in diapause after 7 days holding in an outdoor cupboard, at a mean 
(natural) daylength of 12:50 hours and a daily mean temperature of 
15.8 C. Those that refused blood were held in the lab at 16 hours/ 
20 C and dissected 7 days after the first exposure. The majority 


had emerged from diapause and the mean F:G ratio was 2.32. 


From September 74 to Marcn 75, monthly samples of An. earlét 
were removed from the root cellar where the mean temperature was 
6 C, (see Chapter 7). By 18/1/75, only 33 % of those dissected 
immediately had non-diapause follicles (Table 25b), but 12 of 20 
took blood at the first exposure to my arm, and another 5 fed in 
6 more daily exposures, making a total of 17 fed (85 %). Blood-feds 
and unfeds were held at 16 hours/20 C. Eight of 16 feds laid 
eggs on moist filter paper and there was some hatch from five of the 
ovipositions. Five more died without laying but dissection revealed 
they had mature eggs, (Table 25c). Thus 81 2 of the blood-feds 
matured eggs, more than would have been expected from the 33 % of 


unfed females with non-diapause follicles. The mean F:G ratio was 
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higher for the February than for the January females, but no yolk 
was seen in the follicles. Two of 6 mosquitoes collected in March 
had follicles with yolk. The fatbody of these mosquitoes appeared 
to be nearly exhausted, and starvation may have caused inhibited 
yolk deposition. Of 67 An, earlet collected from rockpiles during 
February and March 1975, 10 (15 %) all from the same pile had 


follicles in stage II, (see Chapter 7). 


4.3.2, Culex territans 

Females collected from 18 - 22/ix/74 were stored at 2 C until 
17/x/74. Ten of 12 (83 %) dissected on removal from storage, were in 
diapause, but only 4 of 6 (67 2) held 7 days and 4 of 11 (36 2) held 
14 days, were in diapause (Table 26). The mean F:G ratio was only 
1.73 for the 3 females in stage Ila and 1.90 for the 3 females in 
stage IIb, both lower than average values for this species (see 


Section 3,2.). 


Females collected from 2 ~- 10/ix/75 were first exposed to the 
toad on 15/ix/75 but none fed. After 3 exposures 1 week apart, 1 of 
15 held at 16 hr/20 C fed, and produced eggs 1 week later, while 2 
of 12 held at 12 hr/20 C fed but did not produce eggs, (Table 27a). 
Of the females not exposed to the toad, all those dissected immediately 
were in diapause. All those held at 12 hr/20 C for up to 21 days 
remained in diapause, but of those held at 16 hr/20 C, 33 % had 


emerged from diapause after 14 days and 25 % after 21 days, (Table 27b). 
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Table 26. Ovarian development in diapausing Culex territans before and 


aftternhokding at 26 hr/2Z0 ¢. 


Mean 
Holding period Number ——-% in stage F:G % in 
examined I Ila IIb ratio diapause 
None 12 100 0 0 138 83 
7 days 6 100 0 0 Lo 67 


14 days i 4b 28 28 1.64 36 
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4.3.3. Cultseta alaskaensis 

Females collected from 2 - 8/vii/73 fed readily, 39 of 
56 (70 %) taking blood at the first exposure. None of the blood-feds 
was dissected, but there was no external sign of egg maturation, and 
there was copious spotting of apparently undigested blood on the 


inside of the holding tube. 


The aim of the next experiment was to see if a fairly 
brief exposure to a temperature below 0 C would arouse females 


from diapause. Females collected between 13/vii/75 and 1/viii/75 were 


transfered on 5/viii/75 from storage in the dark at 2 C to 16 hr/20 C, 


and supplied with raisins. This raisin feeding period was introduced 
because the mosquitoes appeared very thin when captured, and meconium 
was shed on the bottom of the cage, indicating that some were newly 
emerged. The mortality during this period was 39 % (79 of 204). On 
10/viii/75 the survivors were divided into 4 groups: 1) dissected 
immediately, 2) offered blood, 3) maintained at 16 hr/20 C on raisins, 
and 4) transferred to the dark at -5 C for 7 days then returned to 

16 hr/20 C for another 7 days, when some were offered blood and 


others dissected. Of the females dissected immediatelv; 88% were in 


diapause with stage N2 follicles, (Table 28). A few unfed females emerged 


from diapause after holding at 16 hr/20 C, with or without the 
exposure to -5 C. Most of the females were alive at the end of their 
exposure to -5 C, but 19 of 66 (29 %) had died within 7 days of their 
return to 16 hr/20 C. Of the females offered blood, 32 % fed at 

the beginning of the experiment, but only 5 4 fed after 7 days 


at -5 C and 7 days at 20 C. None of the blood-feds matured eggs. 
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Only 23 4 of the females were inseminated, though males were 


abundant at the site of collection. 


4.3.4. Cultseta tnornata 

When females collected on 25/ix/73 were offered blood the 
same day, /2 4 of 29 fed. The feds were divided into two groups, 
one held at 8 hr/10 C and the other at 16 hr/20 C, but none matured 
eggs, (Table 29). Several hundred more females collected during 
September 1973 were held at 12 hr/2 C, for 3 months. Mortality was 
high Mr a. 49 females offered blood on 31/xii/73 were most of the 
survivors. Only 5 fed (10 %) but all of them matured eggs after 


fecava at 16 hr) 20°C, 


All females collected from 13 ~- 22/ix/74 were in diapause 
but 73 % fed when offered blood on the day of transfer from 2 C 
to 20 C(Table 30). None of the blood-feds matured eggs but 92 7% 
had emerged from diapause by 7 days after feeding and within this 
group 1 female (8 %) had follicles in stage III. All unfeds had 
emerged from diapause after 7 days at 16 hr/20 C. The blood-feeding 


rate was the same as before, but 71 4 of the blood-feds matured eggs. 


The aim of the next experiment was to see if increases in 
both daylength and temperature were necessary to arouse females from 
diapause, or an increase in temperature would suffice. (Since the 
females had been stored at 2 C, the effect of increase in daylength 
alone could not be investigated.) Females collected 11 - 28/ix/75 
were stored at 2 C until 29/ix/75. All those dissected on removal 


from storage were in diapause, and 91 4 were still in diapause after 
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Table 29. Blood-feeding and ovarian development in diapausing Cultseta 


tmornaca beforesand atter 3 months at 12 hr/2 C. 


Holding before No. he Holding after Number 4% with 
feeding exposed fed feeding dissected mature 
eggs 
None (coll. 25/ix) 29 72 5 days. at 8 hr/i0.c 10 0 
5 dave at 16. hr7 20:6 6 0 


% months. ate 12 hr/2> Cc 49 10 7 days: at: 16-he¥20 C 5 100 
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14 days at 16 hr/20 C and 100 Z still in diapause after 14 days at 
12 hr/20 C, (Table 31). Of those offered blood on removal from 
storage, 48 4 fed and 8 % of the feds matured eggs. Only 40 % of 
those held at 16 mr/20 C and 32°% of those held at 12 hr/20 Cc 

for 7 days took blood, and 20 4 of the blood-feds in each group 


matured eggs. 


Digestion of blood was studied in diapausing females, captured 
2 — #0/ix/75, stored at 2 C and fed on 15/ix, and also in non- 
-diapausing females, laboratory~reared at 16 hr/20 C, :The non- 
diapausing females were given raisins until 2 - 6 days after 
emergence, and only those which took blood at the first exposure, 
when they were 5 - 9 days old, were used in the experiment. Fed 
females were held at 16 hr/20 C and at intervals after feeding, 
groups of 5 were lightly anaesthetised with ethyl acetate, and 
dissected, The quantity of blood in the midgut was scored as 
3 = distended, 2 = filled, 1 = trace of blood, and 0 = no blood. 
The remaining females were transferred to a clean holding tube and 
at the next interval the degree of spotting of blood on the inside 
of the tube scored as 2 = many spots, 1 = few, 0 = none. Ten 
diapausing and 10 non-diapausing females from the same sources as 
those used in the experiments had mean wing lengths of 6.3 and 5.0 


mm and mean unfed weights of 5.4 and 3.0 mg, respectively. 


After exposure to my arm most females in both groups had 
enough blood in their midguts to be visible without dissection. Those 
without visible blood were dissected immediately, and a small amount 


of blood found in a further 16 % of the diapausing and 2 % of the 
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non-diapausing females, (Table 32). Five females from each group with 
no blood visible on dissection were the "unfeds", thus they were self- 
selected. In both blood-fed and unfed diapausing females 

only stage I follicles were seen and the mean F:G ratio never exceeded 
1.5 (Fig. 54). In the unfed non-diapausing females the mean F:G ratio 
was 2.0 and after feeding it rose steadily until by 96 hours it was 13.0, 
and 3 of the 5 females examined had mature eggs. The midgut was dis- 
tended with blood in 4 of 5 diapausing females less than one hour after 
feeding, but by 24 hours after feeding 4 of 5 midguts contained only 

a trace of blood. Blood was present in some of the hindguts and on 

the inside of the holding tubes at all time intervals up to 76 hours. 
In Te seceres eee females the midguts of all individuals remained 
distended with blood until at least 48 hours after feeding. There was 
a little blood in one of the hindguts and in the holding tube 12 hours 
after feeding, but no more blood was seen in any of the hindguts until 
72 hours after feeding, when a black residue of digested blood appeared 
in 4 hindguts. In the diapausing females the blood darkened but was 
always distinctly red. It was dark in some non-diapausing individuals, 


12 hours after feeding and black in all of them by 48 hours after feeding. 


At less than 1 hour after feeding the protein content of the 
midguts of the diapausing females was only half that in the non-diapausing 
females (Fig. 54) in spite of the smaller size of the latter. To comp- 
ensate for the difference in meal size, the protein contents from 12 
hours onwards were converted to percentages of the values at less than 
1 hour after feeding. This reveals, (Fig. 55), that loss of protein 


from the midgut was more rapid in the diapausing females. The copious 
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Table 32. Observations on blood feeding and ovarian development in 
diapausing (wild-caught) and non-diapausing (laboratory 
reared) Cultseta tnornata. 


(a) Feeding. 


Number hb Of 
exposed obvious eryptic unfeds 
feds feds 
Diapausing 45 64 16 20 
Non~diapausing 53 72 2 26 


(b) Digestion and ovarian development (n = 5), 


Time (x) Blood (vy) Colour of blood 

after Distension in spots in midguts Follicle Stage 

meal of midgut hind- in N2 i itaebibs pik Ly 

(hr) 3) 2 ae 0) gut tube 

Diapausing 

Unfed Oy Oe 8) 0 = - (a) By Oe 
1 2 OO i - Fresh Red HR a Me) 

12 35 22) Om 0 5 2 Fresh Red 2s Oe 20.20) 90 

24 Oot. 4 0 3 2 Fresh or Dark Red OPES a0 FO Oe 0 

36 se, 2 2 Dark Red OR Onee O28 0. -O 

48 ee Si eet 2 2 Fresh or Dark Red Ooo Cnn ee OomO 

76 (n=2) (Oh @ a eae il 2 - Oy PE 1 Or @ 


Non-diapausing 


Unfed STE 0 ea wl Pao) 0 = - Gea ae 41304 v0) 20 

i SEG e ss OF © 0 0 = Fresh Red O04 2 °O 0. 9 
12 570s EO ro 1 ih Fresh or Dark Red Geeror’'s «£ © 0 
24 Ses) as we 0 0 Red~Black Gane (063 2 0 
36 | sO. 0.0 0 0 Red-Black CeO” 0) ole 4-10 
48 oa a eee 0 0 Black ero.) Oem oO: 8.5 5°40 
1Z Bye de gc TD 4 0 Black G7 20, On0 0 5 
96 O07; 20 8 24 0 Black~Empty OOOO 0 2 


(x) Distension of midgut: 3 = Distended, 2 = Filled, 1 = Trace, 0 = Empty. 


(y) Spotting of blood on sides and bottom of tube: 2 = Many spots, 1 = Few, 0 = None. 
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Fig. 54. 
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Fig. 55. Specific trypsin activity and relative protein content of 
midgut in blood-fed, diapausing and non-diapausing Cs. 
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shedding of blood, the very low trypsin activity in all but one of 
the diapausing females and the failure of eggs to develop suggest 
that the more rapid loss of protein was not the result of more rapid 
digestion. One female 48 hours after feeding, had a protein content 
of 301 peg and aah so walue of »~O.213: the protein content is within 


but the AA below the range for the non-diapausing females at 


410 
this time. The trypsin activity of the non-diapausing females was 
first noted 12 hours after feeding, reached a peak at 48 hours after 
feeding, and had greatly decreased again by 96 hours after feeding. 
“When the data are converted to specific activity, by dividing the 


mean AA value by the mean protein content, the peak of activity 


410 


is more pronounced and shifts to 72 hours after feeding, (Fig. 55). 


4.4. Discussion 

It is hard to draw any conclusions from these experiments 
because the few that were repeated gave inconsistent results. Three 
possible sources of error were the small numbers of females used, 
variations in the duration and conditions of storage before use, 


and the unknown age of the females at the time of collection. 


Some, but not all samples of Cs. tnornata and Cs. 
alaskaensts showed high blood feeding rates without any previous 
holding in the laboratory, and the readiness to take blood could not 


be predicted from the rate of ovarian diapause at the time of feeding. 


Very few Culex territans fed on a toad after 3 weeks in the laboratory, 


and the ovaries remained in diapause, but I have no evidence that 


even non-diapausing females would feed on such a host under these 
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conditions. Anopheles earlet could not be induced to feed in 
September, but fed readily and produced eggs immediately after removal 
from the root cellar in January. The few Cs. tnornata that survived 
and fed after 3 months at 2 C all produced eggs. Since a period of 
chilling terminates diapause in some other insects, such as grasshopper 
eggs (reviewed by Lees, 1955), the period of storage at 2 C which 
preceded most of the experiments may have been more important than any 
of the holding regimes that followed. However, females that were 
aroused from diapause and those that were not were both exposed to 

2 C beforehand. An exposure to -5 C did not arouse Cs. alaskaensts 
from diapause, and the An. earlet in the root cellar completed diapause 
development without exposure to temperatures below 0 C, unless they 


experienced an early frost before going in. 


In those cases where blood feeding was followed by egg 
development there was always some sign that the ovaries had emerged 
from diapause at the time the mosquitoes had fed. This raises the 
question of whether the ovary itself could exert some influence on 
digestion and assimilation of blood. The ovary is known to produce 
ecdysone, which influences the production of the female specific 
protein, vitellogenin, in the fatbody, (Hagedorn, 1974). Alternatively, 
the midgut and the ovary could both be under the control of the 


neurosecretory system. This question will be considered in €hapter 9. 


I do not consider the results obtained with Cs. qalaskaensts 
and Cs. tnornata to be sufficient reason to describe these species 


as displaying gonotrophic dissociation, firstly because this phenomenon 
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was never seen in nature, and secondly because the ingested blood was 
not shown to be used to increase the food reserves of the females and 
did not even appear to be digested. De Buck, Schoute and Swellengrebel 
(1932) were able to force feed a few Anopheles macultpennts messeae 

and although no eggs were produced, they do not call this "gonotrophic 
dissociation", since the blood did not appear to be digested. 

Instead of being passed out, as in my Culiseta, the blood separated 

into two distinct layers, visible externally, and remained for a long 


time in the gut, often killing the female. 
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5. DEVELOPMENT, TEMPERATURE AND THE PHENOLOGY OF DIAPAUSE 


Date) put roauec Lon 

In Chapter 3 the dates of onset of reproductive diapause in 
the mosquito populations were estimated from the cessation of 
attacks on bait animals, the disappearance of blood~-feds and 
gravids, and increases in the numbers of females with small 
follicles. In this chapter the time of onset of diapause is related 
to daylengths and temperatures in mature, Since diapause in the 
adult is affected by conditions experienced by the aquatic stages, 
(see Chapter 6), an attempt has been made to reconstruct the life 
histories of Cs. tnornata females back to the dates of hatching. 
This has been done by estimating the number of day-degrees required 
for the female life cycle, and the number of day-degrees in nature, 


based on air and water temperatures recorded at George Lake. 


5.2. The durations of the larval, pupal and teneral stages and of 


the gonotropnic cycle in ts, imormata at 10, 15 and 20°C, 


The duration of 4 stages of the life cycle were measured at 3 
constant temperatures in the laboratory. The larval stage was 
treated as the median time in days from egg hatch to the larval- 
pupal ecdysis. The duration of the pupal stage was estimated by 
subtracting the larval stage from the median time from egg hatch to 
eclosion (pupal~adult ecdysis). The teneral stage was treated as 
the median time, in hours, from eclosion to the disappearance of 
larval muscle remnants from the abdomen. Beklemishev (1940, as 


described by Detinova, 1962) divided the gonotrophic cycle into 
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3 phases: (1) the search for a host and the attack, (2) the digestion 
of the blood meal and maturation of the ovaries, and (3) the search 
for a suitable body of water and the oviposition. Only the duration 
of the second phase was measured in Cs. tnornata; this phase is 
probably the longest and the most closely related to temperature. 

The first and third phases are more under the influence of diurnal 
rhythms, and behavioural responses to natural conditions much 


harder to reproduce in the laboratory. 


5.2.1. Materials and methods 

Mosquitoes for all 4 experiments were taken from the Edmonton 
I and II colonies, which were maintained at 16 hr/20 C, (section 
2.14,.). The mosquitoes were kept in incubators accurate to+1C. 
In the measurement of the duration of the larval and pupal stages, 
half the mosquitoes at 20 C and all those at 10 C were kept under 
daylengths of 8 hr. Mosquitoes in all the other experiments were 


kept under 16 hr daylengths. 


The durations of larval and pupal development at 10 and 20 C 
were measured as part of Diapause Induction Experiment 1, (see Section 
6.1.). The durations of these stages at 15 C were measured 2 years 
later with larvae from the Edmonton II colony, but the methods used 


were the same. 


To measure the duration of the teneral stage, pupae from the 
Edmonton II colony were examined at hourly intervals, and newly 
emerged females transferred to the incubators where they were kept 


in netting-covered plastic cups in plywood boxes, lit by two 0.15 A 
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incandescent bulbs. Raisins were supplied from emergence onwards, 

and an equal number of males was added to each group of females. 
Groups of females were dissected at intervals of 6 hours (20 and 15 C) 
or 12 hours (10 C). The timing of the dissections ote arranged to 
give at least four groups of ten females, some with and some without 


muscle remnants. 


In the experiment to determine the duration of blood digestion, 
8 - 10 day old females from the Edmonton II colony were fed on my arm. 
' Raisins were supplied until 1 - 3 days before the blood meal. Fed 
females were kept singly in plastic vials, covered with netting, in 
dessicators over saturated NaCl solution, which gave a relative 
humiditysofp/5 Hy3eZo(Petersons 1947). ‘The dessicators were kept 
in incubators lit by cool white fluorescent tubes. The females were 
dissected on the day when remnants of the blood meal were no longer 
visible in the midgut by external examination with a hand lens. Those 
females that had not produced eggs were excluded from the results. 
Any females that matured eggs before emptying the midgut would have 
been missed, but the latter condition was never seen in wild-caught 
females. The results shown are the combined results of four experiments. 
In the first experiment, the females were given no food after the 
blood meal and mortality at 10 C was high. In the other experiments, 
each female had a water-soaked cotton ball continuously and a soaked 
raisin for one day in every three. Mortality was much lower with 
this extra food, The median durations of the larval and pupal stages 
were estimated by plotting cumulative percentage ¢pupation and 


eclosion on logarithmic probability paper. The median duration of 
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the teneral stage was estimated by plotting,on arithmetic probability 
paper, the percentages of individuals with muscle remnants. The 
results for the durations of blood digestion are expressed as 


arithmetic means. 


Expected durations of the 4 stages at each temperature were 
calculated using the hyperbolic and Krogh-Jorgensen equations. The 


hyperbolic equation, (or temperature~summation formula) may be written: 


or in the reciprocal, straight-line version: 
Vi=ua £.pE 


where y = the duration of the process, t = temperature, tS = 

the developmental zero or temperature threshhold, v = velocity of 
development = 1/y, and a, b and k are constants. It may be shown 
that tO = -a/b, This equation has been used by many workers, 
including Shlenova (1938, as described by Detinova, 1962) who made 

a detailed study of the effects of temperature and humidity on the 
rate of blood digestion in Anopheles macultpemnits. The constants 

a and b were calculated by the method of least squares. Nielsen and 
Evans (1960) showed that the relation between temperature and the 
velocity of pupal development was described better by the Krogh- 
Jorgensen equation than by the hyperbolic or several other equations. 


The Krogh-Jorgensen equation may be written: 
a 
Vy Sha. 4..b¢e 


where c is a new constant and the other notation is the same as 


for the hyperbolic equation. When c = 1.00, the values of a and b 


208 


i fi Coe 
a a 
Pee) bs 
a me : a 
_ : at ! 
yolitdadorg . 
1” ; i he 


COC A ani, 
es boas sian: nokseagth bookd Yo, enotseg 

ey w chia Tw ha Cbs piace ine Li 
ae ee 


We y 


F : ea A ‘, oy a Fr 
' aml Pest ere eRe Oe 
: a) aes esd iy AST yas j 

om | ae Hn 


¥ 
e18W ota ms) ose as sone a 


oe | ‘ eo i “ 


ait | ,anokssupa nsanogxol~djor bom okie saat 


Tay 

oon Coat in ant ip ery ) 

of yar (& tumro2. aot sn mv oryiassgees d 10) 
af 


tifeIgs.i tw 


= Ao z a i> : a. ; 
' teenie uchie hs an oR 
. . ee oe, ton 
i O° ‘cs! ae : ig 
ay a a | hms a 
i ‘jootexay oalt-aigterte rtensaale 
: ; = P ¥ a ? 
iis ne ee 
; 4d as =v) 
‘ r 7 ‘ie Ais 
> ® ee, H 
a 9 Veyetersqned = 3 deissiost wd to wo kin gi 
F ; a " , fy oh _ 7 
Saivihootar = v biotines vit erecsier yess 16 ores _ 
sD 7 ; 4 , ie pre 
nworta sé veo-'si sascb3eno. exp 2 bas d- a Xo th Ss" 
em: i “ digas 
; =. 
pxstrow ~ xd be ne naad eal ota ade we 
5 otly (S8er evbatred ‘yd palate mt eu) ieee: on wae 
% 
wi oo v2 libra bas srotereqes a ‘a3 ismnis's 


i a awe 

s8aOo ant! samrogitinin ais os! dash ar 

‘fos eoereae 4 <onai abt t6 - bon sor at bulk 
7 oO AY 7 

Yu ¢i a) ia iy 


. 


. sa Ste ahead ‘none pote. ii achat bars pias re 
sites eons jo! yisofe 
AAs V4 : es 

. P «sien - 
ois taupe ¥5 »a30 a sal 9 sexo ad ici i$ 10 ied S 


ea 
-igoxn he ea ed 


209 


will be identical for the two equations. The values of a, log b 
and log c were calculated using the methods given by Nielsen and 
Evans (1960). As an index of the agreement between observed and 
calculated values, the root mean square deviation between them was 


expressed as a percentage of the observed value at 15 C. 


5.2.2. Results and discussion 

Pupation and eclosion of each sex at each temperature was 
nearly synchronous, except that at 10 C a few individuals were 
“much slower than therrest, (Fig. 56). Mortality at 10 and 15.C 
was over 50 Z, (Table 33), most deaths occurring in the early instars, 
but the adult sex ratio was close to 1.0. The maies developed more 
rapidly than the females at all temperatures (Table 33). The 
expected durations of the larval stage in females, according to the 
hyperbolic equation, were close to my observed values (Fig. 57), 
and slightly higher than the values reported by Hanec and Brust 
(1967) and Rosay (1973). This may simply have been because their 
values are for both sexes combined and mine are for females only. 
Shelton's values (1973) are lower than anyone else's, possibly 
because he used the minimum rather than the median or mean times of 
development, and his results are inconsistent, the larvae apparently 


developing faster at 12 than at 15 C. 


The median duration of the teneral stage was 124.0, 58.0 and 
33.5 hours at 10, 15 and 20 C, respectively, -(Table 34). The 
meconium was lost long before the muscle remnants, and a median time 
cannot be estimated from the data. Less than one hour after 


emergence at 20 C, the ovarioles in 7 of 10 females examined had 
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females at 10, 15 and 20 C. 
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Table 33. Mortalities and median development times of Cultseta 


1nHormatva larvae and pupae at 10, 15 and 20°C. 


MORTALITIES 
LOG 1" 20 

Number of 

I instars 400 400 800 

Pupae 121 214 653 

Adults 116 wg?! 582 
Mortality (7) 

Larvae 69.3 46.5 18.4 

Pupae fee: 9.4 §.9 
Total eal eres, UT | 


MEDIAN TIMES (days) 
LOnG 15 aG 2OCC 
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Fig. 57. Observed and calculated durations and rates of larval 


development of Cs. tnornata females at temperatures of 5-25 C. 
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Table 34. Observations on teneral Cultseta tnornata females at 10, 


i> sand. 20y.C. 


20 C. n = 10 at each observation time. Median time to loss of muscle remnants=33.5 hr. 


Hrs after emergence 

Number with muscle remnants 
Number with meconium 

Mean F:G ratio 

Number "in diagauce"s)? 
Number in stage NL 


N2 


L 


él 24 a 30 33 36 42 48 
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15 C. Median time to loss of muscle remnants = 58.0 hr. 


Hrs after emergence 
n 
Number with muscle remnants 
Number with meconium 
Mean F:G ratio 
Number "in diapause" 
Number in stage Nl 
N2 


I 


10 C. n = 10 at each observation time. Median time to loss of muscle remnants=124.0 hr.. 


Hrs after emergence 

Number with muscle remnants 
Number with meconium 

Mean F:G ratio 

Number "in diapause" 

Number in stage N2 
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(1) “In diapause" = F:G ratio no greater than 1.5. 


(2) Mean of the 3 females with follicles in stage N2. 
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follicles in stage Nl. At the median time for loss of muscle 
remmants, most of the individuals at all three temperatures had an F:G 
ratio no greater than 1.5, hence they would have been classified 


as "in diapause" if encountered in field collections. 


The mean time of egg maturation after blood feeding was 
t2,3.°7.0 >and 4.6 days at 10, 15 and 20 C, respectively, (Table 35). 
A few of the females at 10 and 15 C showed no egg development by 


the time the remains of the blood meal had disappeared from the gut. 


Constants for the hyperbolic and Krogh-Jorgensen equations 
for females in each of the four stages are shown in Table 36. 
The root mean square deviations between observed and expected values 
ranged from 0.2 2 to 5.4 % for the hyperbolic equation and were all 
nil for the Krogh-Jorgensen equation. The developmental zeros 
ranged from 3.6 C for blood digestion to 6.2 C for the teneral 
Sbace, with a mean of 5.0°C. Since the value of the constant ec is 
close to 1.00 for the larval stage and blood digestion, the terperature- 


velocity curves for these two stages will be almost straight lines. 


For the sake of simplicity, in later sections a developmental 
zero of 5 C will be seems for all stages. Andrewartha and Birch 
(1954) criticized the practice of obtaining developmental zeros by 
extrapolation, and further observations below 10 C would have been 
desirable. It is often difficult to get results, however, at 
temperatures close to the developmental zero, because of high mortalities. 
Hanec: and Brust (1967) found that at ™ @ only 15 Z% of their Cs. 


tnornata larvae survived to pupate, after a mean of 205 days, and 
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all the pupae died. The developmental zero for blood digestion in 
An, macultpennts varied between 4.5 and 9.9 C, depending on humidity, 
(Shlenova quoted in Detinova, 1962). I find a developmental zero 
below 5 C in Cs. tnornata plausible, because after 10 blood fed 
females from the Edmonton I colony had been kept at 2 - 4 C for 

30 days, the follicles had reached stage IV in 4 of them and stage 


iii in another 3, 


The calculated median time to loss of muscle remnants at 17 C 
~in Cs, tnornata, 45.8 hours, is lower than Rosay's values (1961) for 
Culex ptptens quinquefasciatus (= C. p. fatigans), 54 hours, and 
Aedes ntgromaculis, 59 hours. Rosay found that expulsion of meconium 
from the midgut took even longer than autolysis of the muscle 
remnants, in both species she studied, but considered the muscle rem 
nants to be better indicators of the teneral stage, because the time 
to autolysis showed less individual variation. In my own experiment 
expulsion of the meconium took place long before autolysis of the 
muscle remnants. This difference may have been due to the fact that 
my mosquitoes were given raisins, while Rosay's were given no food. 
In the experiment with teneral females the daylength at all 
temperatures was 16 hr, thus it is unlikely that any of the females 
were in diapause, (see Chapter 7), and the results confirm that 

it is impossible to distinguish diapausing females from recent 


post-teneral, gonoactive females by F:G ratio alone. 


In the experiments on the duration of the teneral stage and 
of blood digestion, the females at 10 and 15 C did not have time 


to acclimate to these temperatures before the experiments began, 
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Another source of error lay in the fact that in three of the 
experiments observations were made only once per day. This may have 
introduced substantial errors into the estimation of the duration 


of the pupal stage and blood digestion at 20 C. 


Joos, uStimated duration of the life cycle of Cs. tnoriata’ in 
day-degrees 
The estimated duration of the life cycle in non-diapausing female 

Cs. tnornata is 483 day-degrees above a threshold of 5 C, (Table 

37). The degree-days required for the larval, pupal and teneral 

stages and for blood digestion are based on the results given in the 
preceding section, The requirement of 45 day-degrees for egg development 
(after laying) is based on the observation that egg rafts from 

colony Cs. tnornata usually hatched 3 days after laying at 20 C, 

i.e. 3(20 ~ 5). The estimates of 10 day-degrees between the end 
of the teneral stage and the first blood meal, and another 10 between 
the end of blood digestion and egg laying, are based on the 
assumption of 1 day each at 15 C. It is likely that Cs. tnornata, 

like most insects that have been studied, has a circadian rhythm of 
activity, and this rhythm under natural conditions may have more 
effect than minor temperature changes on the time of host-seeking 

and oviposition flights. Thus a female that completed the teneral 
stage before the normal time of flight activity might take a blood 
meal the same day, but one which completed the teneral stage later 
might not feed until the next day. (For a further discussion of this 


Popic, see Cillett, 1971). 
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Table 3/. Numbers of day-degrees above 5 C required for different stages 
of the life cycle of Cultseta tnornata. Stages in parentheses 


not confirmed by experiment. 


Stages Number of day-degrees above 5 C 
(Egg) 45 
Larva ZO. 
Pupa 66 
Teneral 22 
(End of teneral to first blood meal) 10 
Blood digestion 69 
(End of blood digestion to egg laying) 10 


(TOTAL) 483 
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5.4. Air and water temperature records at George Lake 

Air temperatures in the aspen wood and water temperatures 
in the Lakeside Pond were recorded as described in Section 
2.13. Ten-day mean values for 3 seasons are shown in Fig. 58, 
and maxima, minima and means are shown in Tables 73 and 74 
(Appendix). The mean water temperatures were higher than the air 
temperatures, except in October. Examination of the diel fluctuations 
in temperature (Fig. 59) shows that this was because the daily maxima 
were only slightly higher and the daily minima much lower in the 
air than in the water. The mean temperatures shown in Fig. 58, 
Table 73 and Table 74 are (mean daily maximum + mean daily minimum) /2. 
The mean temperatures calculated from the 12 days of 2-hourly 
readings shown in Fig. 59 are 0.8 C lower for the air temperatures 
and 0.2 C lower for the water temperatures than the averages of 
daily maxima and minima for the same days. Thus the much more 
lengthy process of calculating mean daily temperatures from 2-hourly 
readings would have brought the mean air and water temperatures 


os 


0,55 C closer together. 


Haufe's study (1957) of the larval habitats of Aedes commits 
at Churchill, Manitoba showed that in an insolated pool overlying 
permafrost, temperature gradients of up to 16 C developed, and that 
the mosquito larvae formed aggregations in parts of the water close 
to their preferred temperature (15.5 C). The temperatures at the 
bottom of the Lakeside Pond were less variable and the mean maxima 
lto 11 C lower than those at 2.5 cm, (Table 74). The temperature 


in the Lakeside Pond had a smaller differential between surface 
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Fig. 58. Mean air and lakeside pond temperatures at George Lake, 


from May to September or October, 1973-75. 
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Fig. 59. Two-hourly air and lakeside pond temperatures at George Lake 


during 4 selected 3-day periods in 1974. 
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and bottom than the pool studied by Haufe (1957), probably because of 
the thick coating of duckweeds and the absence of a permafrost layer 
underlying the former. Cs. tnornata larvae in the laboratory 
cultures spend most of their time at the water surface, but it was 


not established if they did this in the Lakeside Pond also. 


It was not determined how close the Stevenson screen temperatures 
were to the temperatures at the mosquitoes’ natural resting sites. 
The largest single collection of resting Cs. tnornata at George Lake, 
13 females, was in the Stevenson screen itself, but this was on 


11/ix/74, after the pericd covered by the calculations. 
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ds0e Reconstruction of the Life histories: of the first “diapausing 


and the last non-diapausing females 


3.>,1, Methods 

Using the data for 1974 and 1975 reported in Chapter 3, estimates 
were made of the dates when the last nullipars were taken at bait, 
the last gravids were taken at other sites (disregarding a few 
stragglers), and the date at which 50 % of the nullipars dissected 
were in diapause. The number of day-degrees above 5 C in air and 
_ water at George Lake in July and August, 1974 and 1975 were 
tabulated, (Table 75, Appendix). Air temperatures for 7 missed 
days were obtained from the records for Sion and water temperatures 
for 4 missed days estimated from the air temperatures. The life 
histories were then reconstructed by adding up the day-degrees, 
working backwards from the date of appearance of diapause, until 
their sum was enough to complete the various stages of the life cycle, 
as estimated in Section 5.3. When the date of completion of each 
stage of the life cycle had been estimated, the daylength (including 
twice Civil Twilight) was read from the curve of values for 54° N 
(Fig. 60), prepared from data given in List (1958). George Lake 
is at 53° 57' N. The temperatures at hatching and pupation are 
the means for the 5 days surrounding the estimated dates that these 


processes occurred. 


Dsds2., Results 
The results for Cs. tnornata will be considered first because 


it was the only species for which good estimates of the duration of the 
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life cycle were available. Changes in composition: of catches at 

bait (cattle and calf-baited trap) and cther sites (mostly New 

Jersey traps and windows) in August 1974 and 1975 are shown in Fig. 
61, and my interpretation of them is shown in Table 38. The data 
taken as a starting point for the reconstruction of the life histories 
is the middle day of a three-day period. The last nullipars were 
taken at bait on 20/viii/74 and 19/viii/75, but this does not prove 
that none bit between then and the next sampling period, 25 - 27/viii, 
when none were taken in 1974, and only a par and a gravid in 1975. 

‘In both years the last gravids were calculated to have fed within one 
day of the actual date that the last nullipars were taken at bait. 

The last gravids were assumed to be in their first gonotrophic 

cycle, since we are looking for the latest date at which gonoactive 
females could have been produced. One gravid female was taken in 

the New Jersey trap at Edmonton on 16/ix/74, but this was the only 
gravid female taken in mid-September of any year. Diapausing 

females exceeded 50 % of all the nullipars collected on 20/viii/74 and 


C8 Ol te ore 


Diapausing and gonoactive females in the two years are 
estimated to have hatched on 19/vii and 13/vii, and to have pupated 
on 9/viii and 5/viii. The last gonoactive females are estimated to 
have hatched as late as, or even later than, the diapausing females. 
Daylengths were 18:03 to 18:23 at hatching and 16:57 to 17:39 
at pupation, a total decrease of 1:49 to 2:00 hours, and a rate of 
3.8 to 4.1 min/day, or 0.34 to 0.38 4 of the original photophase 


per day. The mean water temperatures were 19.0 to 20.0 C at 
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Fig. 61. Composition of catches of Cs. 
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Table 38. Temperatures and daylengths during development of the last 


gonoactive and the first diapausing Cultseta tnornata, 


1974 and 1975. 


Date of collection 
Calculated dates of: 

Hatching 

Pupation 

Emergence 

Blood meal 
Daylength (hr:min) at: 

Hatching 

Pupation 

Emergence 


Change in daylength from 
hatching to emergence 


Rate of change: 
Minutes/day 
% of original daylength/day 


5-day water temperature (C) 
around date of: 


Hatching 
Pupation 


Emergence 


Mean temperatures of aquatic stages 


Change of temperature from hatching 


to emergence 


Rate of decrease, C/day 


Last 
nlpars 
at bait 


20/viil. 


19/vii 
9/viii 
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0.38 


1974 


Last 
gravids 


30/viii 
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hatching and 14.2 to 14.4 at pupation, a decrease of 6.8 to 7.2 C, 
or 0.04 to 0.21 C/day. The decrease in temperature was not greater 
during the development of the diapausing females than during the 
development of the gornoactive females, nor was the mean daily 


temperature of the aquatic stages any lower. 


Changes in the composition of catches of An. earlet in July 
and August, 1974 and 1975 are shown in Fig. 62 and my interpretation 
in Table 39, The higher proporticn of feds and gravids in July and 
early August in 1974 is because collections of mosquitoes resting 
in farm buildings were made in 1974 but not in 1975. In 1974 the 
collections from farm buildings were continued until after the 
end of August but yielded only unfed, diapausing females. Most of 
the other specimens were collected from box shelters at George Lake. 
Although one fed female was taken in the Egyptian trap on 20/viii/75, 
the numbers at bait were always so small that I have not drawn any 


conclusions from them. 


In both years some of the nullipars collected in early July 
were apparently in diapause, and in 1975 at least 50 Z of the 
nullipars throughout July and August were in diapause. However, 
tenerals were frequently taken with them, which suggests eaae some 
of the post-tenerals could have been gonoactive, with follicles 
still growing. In 1974 approximately half the nullipars taken as 
late as 6 - 10/viii appeared to be gonoactive. I have chosen the 
median date of appearance of diapausing females as 13/viii in 1974 


and 8/viii in 1975, but it could have been at least ten days earlier. 
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1974 
no, collected 11 43 30 47 12 13 19 12 25 27 13 45 
no. dissected 9 12 12 12 7 5 13 2 | 15 17 11 27 
no. measured 6 5 9 7 5 4 12 9 12 16 9 23 
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1975 
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Fig. 62. Composition of catches of An. earlet for 5-day periods in 


July and August, 1974 and 1975. 
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Table 39. Daylengths and temperatures at hatching and pupation of 


diapausing Anopheles earlet, Culex territans and Cultseta 


alaskaensis, 


Date of mass appearance 
of diapausing females 


Estimated date of 
Hatching 
Pupation 

Daylength at 
Hatching 
Pupation 


Change in daylength 
from hatching to pupation 


Rate of change: 


min/day 


% of original photophase/day 


Temperature at: 
Hatching 
Pupation 


Change in temperature from 
hatching to pupation 


Rate of change, C/day 


Mean temperature of aquatic 


stages 


197 Aan del 0.75), 


Anopheles 
earlet 
1974 1975 
13/viti 8/viil 
14/vit 9/vit 
3/viii 29/vii 
18:20 18:36 
17:06 7226 
~1:14 -1:10 
=3,7 ~3.5 
0.34 ‘Oy sil 
18.6 20.0 
eS 1556 
-0.8 -4.4 
0.04 0.22 
TOSS Leas 


Culex 


terrttans 


1975 


S5/viit 


6/vit 


26/vil 


18:42 


17333 


Cultseta 
alaskaensts 
1974 1975 
25/vi 5/vil 
26/v 5/vi 
15/vi 25/vi 
PSetel 18:39 
S355 18:57 
+0:44 +Os1S 
a WAR +0.9 
0.18 0.038 
16.0 Gaz 
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Anopheles earlet at 24 C requires 18 days to develop from 
egg to adult (342 day-deprees above 5 C) and a further 6 days from 
eclosion to egg laying, (Kreutzer and Kitzmiller, 1969). For 
simplicity, however, I have assumed that An. earlet, Culex terrttans 
and Cultseta alaskaensts all spent 20 days in the larval stage and 10 
days in the pupal and teneral stages combined, On this assumption, 
in 1974 the diapausing An. earlet hatched on 14/vii and pupated on 
3/viii, and in 1975 they hatched on 9/vii and pupated on 29/vii. 
The daylength would have been 18:20 to 16:36 at hatching and 17:06 
to 17:26 at pupation, which represents a decrease of 1:10 to 1:14, 
or 3.5 - 3.7 min/day, between hatching and pupation, (Table 39). 
The temperature decreased by 0.8 C between hatching and pupation in 
1974 and 4.4 C in 1975. The mean temperatures during the aquatic 
stages, however, were quite close, 19.5 C in 1974 and 18.3 € in 


SUS Boy 


Most of the Clx. territans were collected on windows on 

the U of A campus. None were collected between mid-July and late 
August, 1974, so it is not possible to fix the date of appearance 

of the diapausing females in that year. In 1975 the last gravids 
were taken in late July; the date of appearance of diapausing females 
was taken as 5/viii. All the unfed females taken in early July 1974 
were nulliparous and apparently in diapause, but are considered to be 
very ee post-tenerals, since gonoactive, fed and gravid females 
were taken after that date. The results on which these conclusions 


are based are shown in Section 3.9. 
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The diapausing females in 1975 are estimated to have hatched 
on 6/vii, when the daylength was 18:42, and to have pupated on 26/vii 
when it was 17:33. Thus they would have experienced a decrease in 
daylength of 1:09, or 3.4 min/day, between hatching and pupation, 
(Table 39). The temperature decreased by 4.0 C between hatching 
and pupation, and the mean temperature of the aquatic stages was 


1828eCz 


Although Cs. alaskaensts females were taken at bait until early 
August, no nullipars were taken after May, long before the summer 
generation appeared. Thus diapause appears to be obligate in this 
species, but the timing and conditions of its appearance are still 
of interest. Most of the females were taken on windows on the U 


of A campus. 


Two nullipars were taken in mid-June in 1974, but it was not 
determined if they were diapausing. Many nullipars were taken in 
late June and all were diapausing. In 1975, the first nullipars 
were taken in early July and all were diapausing, (see Section 
3.10). The estimated dates of hatching were 26/v/74 and 5/vi/75, and 
the dates of pupation 15/vi/74 and 25/vi/75, (Table 39). Over this 
period the daylength in both years showed a slight net increase. 

In 1975 an increase was followed by a slightly smaller decrease, 


since the period crossed the summer solstice. 


5.6. Discussion 
Diapausing female Cs. tnornata appear in mid-August when the 


daylength, including civil twilight, is around 16:15, and I have’ 
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calculated that induction would have taken place at a still 

greater daylength. Cs. inormata reared in the laboratory at 
constant daylengths of 12:00 or 16:00 did not diapause, but diapause 
was induced by transfer from 16:00 to 12:00 at pupation, (Chapter 
6). This single-step decrease in daylength, 4 hours in 20 days 

of development, or about 12 minutes per day, is about three 

times the decrease in daylength that the wild Cs. tnornata would 


have experienced, 


Thus we have to explain the discrepancy between laboratory 


and field observations. If a decrease in daylength is the controlling 


factor, then it still acts when both the initial and the final daylengths 


are greater than 16 hours. Danilevskii (1965) reports that pupal 
diapause may be introduced in Acronycta rumtcis (Noctuidae), by 
constant daylengths, below a critical value which ranges from 14:30 
for a population from Abkhazian (43° N), to over 19 hours for a 
population fron Leningrad (60° N). Decreases in daylength as rapid 
as 10 minutes per day failed to induce diapause when they did not 
go below the critical constant daylength. The "beginning of the mass 
appearance" of diapausing female Anopheles maculipennts messeae 

at Leningrad is 8/viii when the daylength is 18:10, and during the 
middle of their larval development the daylength was 19:44. In 
laboratory experiments with Leningrad female mosquitoes reared 
under constant daylengths, however, only about 60 % diapaused when 
the daylength was 16 or 18 hours, but nearly all diapaused when it 


was 15 hours, (Vinogradova, 1960). 
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Since the rate of change of daylength increases from a minimum 
at the solstices to a maximum at the equinoxes, it is conceivable 
that diapause could be regulated in nature by an increase in the 
rate of change of daylength. The mechanism involved would have to 
be able to distinguish between 2.75 min/day (July 17 ~ 21) and 3.75 


min/day (August 5 - 9). 


The peaks of Cs. tnornata females in light traps, on windows 
and at bait cattle, were in late July and early August, at least 
ten days after the diapausing generations are estimated to have 
hatched. Since the wave of diapausing females which appear at 
the end of August are likely to be descendents of the wave that 
appears in July, the life span of the diapausing generation 


appears to have been overestimated. 


Even the last Cs. tnornata collected before winter had 
undeveloped follicles with F:G ratios no greater than 1.5, but some 
An. earlet, Clx. terrttans, and Cs. alaskaensis in August had 
well-developed follicles. On the other hand, there was no sign of 
blood-feeding in fall by any of these species (Chapter 3). It 
may be that short or decreasing days prevent blood feeding but do not 
entirely prevent follicle growth. Tauber and Tauber (1976) give 
several examples of insects which require short or decreasing days 


to remain in diapause. 


Edmonton (Namao Airbase) had a mean of 1470 day-degrees above 
5 C per year during 1941 - 70, (unpublished data from Environment 


Canada , Edmonton). This would have been enough for 3 generations 
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of Cs. tnornata, but the second would have emerged some time in August 
and the third not until October, too late to accumulate any food 
reserves for winter. A cessation of reproduction in August is 
therefore a good adaption to the annual temperature cycle in the 


Edmonton region. 
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6, INDUCTION OF DIAPAUSE IN LABORATORY-REARED FEMALES 


Experiments with wild-caught diapausing females gave 
inconsistent results (Chapter 4), possibly because of variation in 
the ages of the females. For any experiments on the physiology 
of diapause it is desirable to have diapausing females of known 
age. This chapter describes experiments to find a reliable method 


of inducing diapause in the laboratory. 


6.1. Experiment 1: the effects of constant daylengths and 
temperatures on blood feeding and assimilation in Cultseta 


tnornata, 


6.1.1. Materials and methods 

Two daylengths and two temperatures were investigated. The 
experiments began with first-instar larvae from the Edmonton I colony 
(Section 2.14.), and the mosquitoes were reared and maintained in two 
Sherer 25-7 incubators. Each incubator was lit by four 40 W fluorescent 
lamps, giving an illuminance of 4465 lux. The incubators got about 
1 degree warmer when the lamps went on. Larvae reared at 16 hr/20 C 
and 8 hr/20 C were taken from the pooled hatch of 25 egg rafts in March 
1973, larvae at 8 hr/10 C were reared from July to September 1973, and 


larvae at 16 hr/10 C from November to December 1973. 


The larvae were reared in plastic trays with a maximum of 
250 larvae and 2 litres of Bates' Medium per tray; each week surviving 
larvae were transferred to a clean tray. The larval diet was 
bread crumbs, powdered yeast and Difco Brain-Heart infusion, as used 


by McLintock (1952). Pupae were transferred to deionized water in 200 
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ml plastic cups covered with netting and a few cork slices on the 
water surface. Adults were kept in plastic cups covered with netting, 
with a filter paper disc on the bottom and wrapped in moist paper 
towels and transparent polyethylene sheets. Blood~feeding 

exposures were in a 250 ml glass beaker covered with netting placed 

on my forearm for 15 minutes. The first exposure was on the day 
after emergence, and daily thereafter until the females fed, died 

or (a few) escaped. Mosquitoes which had been exposed three times 
were pooled for later exposures. In all the experiments, females 
with any blood visible externally were considered blood-fed. Females 
offered blood received no other food. Blood~feds were inspected 

daily and dissected when the gut appeared empty, usually 6 days 

after feeding at 20 C and 14 days at 10 C. Some females at 10 C 

were never offered blood, given only cotton balls soaked in 10 2 
sucrose, and dissected 14 days after emergence. A few of the 8 hr/10 C 


group were dissected on the day of emergence. 


6.1.2. Results 

When the larvae that were supposed to be at 16 hr/10 C had 
nearly pupated it was found that the temperature in the trays was 
12 C. The incubator was reset, but the larvae had developed more 
Papidiy than those at $8 hr/ 10°C (lable 40, col. 2 vs, col. 1). When 
the two incubators were set to 20 C, the mean development times to adult 
emergence were much closer. Median development times for the females, 
calculated from the same data, are shown in Chapter 5. Mortality 
of the larvae was high at 10 C, most of the deaths occurring in the 


early instars. 
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Table 40. Diapause induction experiment 1: development time and mortality 


of Cs. tnornata. 


Daylength (hr) 8 16 8 16 
Temperature (C) 10 LO = 1/2 20 20 
Number of larvae at start 400 500 400 400 
% mortality: larvae eer 7348 2a 3 Las) 
pupae Vee: fy? 8.0 9.3 
Total Alo) 73°20 3043 2563 


Mean time from hatching to 
adult emergence(days):males 58.0 48.4 19.8 21.4 


females 69.2 54.0 Zee 2309 
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More than half the females under both daylengths at 20 C 
took blood at the first or second exposure, and about 85 % altogether, 
(Table 41). None of the females reared at 10 - 12 C took blood at 
the first exposure, and most died without feeding, the total feeding rate 
for the 16 hr treatment (42.1 %) being slightly higher than for the 
8 hr treatment (33.3 Z). More than 80 % of the blood-fed females at 
20 C matured eggs, including those that fed only 1 day after eclosion, 
(Table 41). Only 50 % of the blood-feds reared at 16 hr/10 : b2: 
and 27 % of those reared at 8 hr/10 C, both small samples, showed any 
egg development. The average number of eggs was lower in females 
reared at 10 - 12 C than in those reared at 20 C, (Table 42). A few 
of the blood-feds in each treatment developed substantial fatbodies; 
these were mostly the females that did not mature eggs but some had 
both and others neither, Six newly emerged females at 10 C had 
no visible fat deposits, but all those given 10 % sucrose developed 
fatbodies. One of the sugar-fed 8 hr/10 C females was autogenous 
with 49 stage IV follicles. Insemination rates were 91 - 100 % in 


the 4 treatments. 


6.2. Experiment 2: the effects of a decrease in daylength and 
temperature at different stages of development on follicle 
growth in Cs, tnornata. 

The results of experiment 1 were hard to interpret because 
of the small numbers of blood-feds at 10 C,due to high larval 
mortality and low blood-feeding rates. Since Vinogradova (1960) and 
others were able to induce diapause in female mosquitoes by subjecting 


them to a decrease in daylength at the third or fourth larval instar, 
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Table 41. Diapause induction experiment 1: 


blood-feeding rates of 


Cs. tnornata, and numbers of blood-feds maturing eggs. 


Rearing and 
holding regime 


16 hr/20 C 


8 hr/20 C 


16 hr/10-12 C 


8 hr/10 C 


lst exposure 
2nd exposure 
3rd exposure 
Later exposures 


Total 


lst exposure 
2nd exposure 
3rd exposure 
Later exposures 


Total 


lst exposure 
2nd exposure 
3rd exposure 


— 


Total 


lst exposure 
2nd exposure 
3rd exposure 
Later exposures 


Total 


Later exposures 


Number 
exposed 


139 


139 


118 


118 


38 


38 


39 


5) 


Blood-fed 
No. he 
45 32.4 
od, 36.7 
14 10.1 
7 5.0 
17. 84.2 
Zo 1950 
55 46.6 
12 10.2 
de. 9.3 
101 85.6 
0 0 
0 0 
0 0 
16 42.1 
16 42.2 
0 0 
1 2.6 
2 del 
10 25.6 
13 33.3 


(d) 


Number 


dissected No. 


42 


16 


16 


Mosquitoes with 


folls >IIb 
% of d 
3g 92.8 
43 95.6 
10 100 
3 75 
95 94.0 
14 60.9 
48 88.9 
3) 81.8 
8 88.9 
79 81.4 
0 0 
0 0 
0) 0 
8 50 
8 50 
0 0 
1 100 
0 0 
2 25 
Riss: 
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Table 42. Diapause induction experiment 1: Assimilation of blood and 


sugar meals by Cs. tnornata females. 


Daylength (hr) 8 16 8 16 
Temperature ( C) 10 10-12 20 20 
Blood~fed 
No. examined 08k 16 oF 101 
A with follicles 7 IIb Zi 0 eal 94.0 
Mean egges/female G70 80. 93.2 93.4 
Lowitn fratbody 2 o1ri3 Ont y OLS 18.6 fin 


10% sucrose ad lib 15-21 days 


No. examined EF 6 0 0 
% with? follicles > IIb 9 ) - ~ 
No. of eggs/female 49 ~ - - 


% with fatbody 2 or 3 100 100 - 2 


= i> (LP ES 
ia) 


a se 


a ap 


it was worth investigating whether diapause could be induced in larvae 
which had spent their early instars at 20 C in the culture room. 
In experiment 2, follicle development rather than gonotrophic 


dissociation was used as a criterion for diapause. 


6.2.1. Materials and methods 

The experiment began with first-instar larvae from the 
third and fourth generations of the Edmonton II colony. Larvae were 
reared in the culture room at 16 hr/20 + 2 C or in an incubator at 
es Bry 10+ Pcy"on a 22) v7y mixture Of Laboratory rabbit chow 
and bakers! yeast. Adults were kept in cages 2.5 x 2.5 x 15 cm 
(i.d.) with sides of plexiglas and tops and bottoms of nylon tulle, 
(Trpis, 1968 ). Two soaked raisins were placed on each cage, and the 


cages were kept over wet paper towels in plastic trays covered with 


glass. To each batch of females was added an equal or slightly smaller 


number of males, usually their siblings. Many adults stuck in 
condensation on the sides of the cages and died. Other techniques 


were described for experiment 1, and in Section 2.14. 


Two constant and three changed daylength and temperature 
regimes were investigated, as follows: 
(a) Transferred from the culture room (16 hr/20 C) to an incubator 
at 16 hr/20 C on the day of pupal-adult ecdysis (dummy transfer); 
(b) Reared and maintained from egg~-hatching onwards in the 12 hr/10 C 
incubator; 
(c) Transferred from the culture room to 12 hr/10 C incubator on the 


day of ecdysis to the fourth larval instar; 
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(d) Transferred from the culture room to the 12 hr/10 C incubator 

on the day of ecdysis to the pupa; 
(e) Transferred from the culture room to the 12 hr/10 C incubator 

on the day of pupal-adult ecdysis (eclosion). 
The culture room and incubators were lit by single 15 W cool white 
fluorescent lamps, giving illuminance values of 12 and 807 lux, respect- 
ively, at the larval rearing trays. Thus the larvae that were transferred 


experienced decreases in daylength but increases in illuminance. 


At two-day intervals from adult emergence through to 16 - 17 
days later, five females from each treatment were dissected and follicles 
in 0.7 4 NaCl under a cover glass were examined, with phase contrast 
at X 400. Other dissecticn technicues, and follicle stages were as 
described in Sections 2.6. and 2.7. The lengths of ten follicles and 
their germaria were measured for each female. Mosquitoes were not 
allocated to the different treatments at random. Instead material was 
reared under each regime in excess of what was needed, and the females 
of the required ages removed on days convenient for dissection. This 
meant there was a greater chance of females being siblings within 
treatments than between treatments. Follicles for measurement were 
also not selected at random, since preference was given to those undis- 


torted by pressure from the cover glass or from adjacent follicles. 


6.2.2... Resnits 
The follicles of the females reared and maintained at 
16 hr/20-C reached stage II by 4 - 5 days after emergence, (Table 43), 


when the mean F:G ratio had already exceeded 2.4, and showed only a 
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Table 43. Diapause induction experiment 2: follicle stage distri- 


bution of Cs. tnornata females from 0-16 days after 


emergence. Day 14-15: n = 50, other days: n = 5. 


Time (Days) after emergence 
0-1 2-3 4-5 6-7 8-9 10-11 12-13 


(a) Reared and maintained at 16 hr/20 C. 


NL 4 

N2 1 

1g 

3 ig 5) 2 

Ifa 3 4 2 
IIb 1 3 


(b) Reared and maintained at 12 hr/10 C. 


NL it 

N2 1 

a 3 5 4 4 5 4 3 
I-III 1 

Ila 2 
IIb 


(c) Transferred to 12 hr/10 C at IV instar. 

Nl 5 

N2 

qi: 5 5 5 5 2 s 
I-If 


(d) Transferred to 12 hr/10 C at pupation. 


NL 1 

N2 4 

iE 2 4 5 5 3 
IIE 


(e) Transferred to 12 hr/10 C on day of emergence. 
NL 


N2 2 

ai 5 5 > 5 2 4 
ThE 1 
Ila i 


14-15 * 


10 


40 


ia 


28 
li 


40 
10 


36 
14 


28 
a2 
10 


(x) For graphic representation of distributions at 14-15 days see Fig. 64. 
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slight increase after that, (Fig. 63). In the females transferred at 
the Iyth instar or at pupation, no stage II follicles were seen, 

and the mean F:G ratios never exceeded 1.80 in either group. Of 
the females transferred at eclosion, one at 10 - 11 days and one at 
14 - 15 days (Fig. 64) had stage II follicles; the mean F: G ratio 
was 1.8 at 2 - 3 days post-emergence and stayed between 1.8 and 

2.0 until the end of the experiment. In the females reared and main- 
tained at 12 hr/10 C some stage II follicles were seen at 12 - 13 
days. At 14 - 15 days most of the follicles were in stage II, and 
the F:G ratio had reached 2.51, almost as high as in the females kept 
at 16 hr/20 C throughout. Two autogenous females were seen. One 

of the females maintained at 16 hr/20 C throughout had 27 mature 

eggs at 12 - 13 days after emergence. One of the females transferred 
to 12 hr/10 C at emergence had 52 stage III follicles in one ovary 

at 16 - 17 days post-emergence, and the other ovary could not be found, 
which suggests that it had atrophied, and was certainly not as 
advanced as stage III. Neither of these mosquitoes was used in 


calculating F:G ratios; extra mosquitoes were dissected instead. 


The F:G ratios at 14 - 15 days were subjected to a nested 
analysis of variance, the results of which are shown in Table 44, 
In spite of the significant difference between mosquitoes within 
treatments, the difference between treatments was highly significant 
(p 2 0.01). The results were further analysed by Duncan's Multiple 
Range Test (Steel and Torrie, 1960), using "mosquitoes in treatments" 
as the error term. There was a highly significant difference 


(P < 0.01) between the means for the mosquitoes reared under constant 
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Table 44. Diapause induction experiment 2: Nested analysis of variance 


in F:G ratios of Cs. tnornata 14-15 days after emergence. 


Source of variation df Ss MS "PE Frat 0.01 
Treatments 4 DeO2 to. FO 10 WWE Loot 7610 
Mosquitoes in treatments 20 fis a 0.65 3. 25** 2.93 
Follicles in mosquitoes 225 44.42 UeZz0 

Total 249 Aa Sag 


**k = Significant at p<0.01 


df = degrees of freedom 


SS = sum of squares 


MS = mean square 
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conditions and the means for the mosquitoes transferred at different 

stages of development (Table 45), but there were no significant differences 
within these two groups. In the same table the data on rates of 

diapause are summarised. Using the criterion of F:G ratio, only the 
females transferred at the IVth instar had more than half their F:G 

ratios 1.5 or less, but none of the follicles of those transferred at 
pupation and only 20 4 of the follicles of those transferred at 


emergence had reached Stage II. 


The insemination rates are shown in Table 46. The rates 
for three of the treatments were low and caused concern that the 
differences in follicle development might have been an indirect 
result of some effect of the treatments on insemination. Although 
there were differences between the mean F:G ratios of inseminated 
and uninseminated females they were not all in the same direction, 
andwere not large enough to account for the differences between 
treatments. Insemination rates for the other two treatments were 


over 95 4 and were not analysed further. 


6.3. Experiment 3: the effects of decreases in daylength and 
temperature at pupation on follicle development, blood-feeding 
and assimilation in Cs. tnornata 

The results of experiment 2 indicated that diapause could 

be induced by a decrease in daylength and temperature, at ecdysis to the 

fourth instar,or at pupation. Experiment 3 had two objectives: to 

find if both the decrease in temperature and the decrease in 


daylength were essential, and to compare follicular development with 
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Table 46. Diapause induction experiment 2: insemination rates and 


mean F*G, ratios of inseminated and uninseminated Cs. 


tnornata. 


Numbers inseminated, out of 5 (unless otherwise indicated). 


Transferred from 16 hr/20 C to 


Age Constant regimes 
(days) Ca) oP hr, 20"¢ (by 2) he y/o" C (c) IV instar 
0-1 0 0 0 
2-3 5 2(4) 4 
4-5 5 iL ) 
6-7 4(4) 3 4 
8=9 5 5 4 
ROSIE %) 5 5 
12—"3 5 5 5 
14-15 4(4) 5 5 
GO= 7 3 4 5 
Total at 38 39 40 
Number inseminated 36 30 38 
% inseminated 5 77 95 
Mean F:G ratios of inseminated and uninseminated females. 
Age Group b Group d 
(days) Insem. Uninsem. Insen. Uninsem. 
2-3 1.85 tO = = 
4-5 Us 7s ie eul 10 747 BESO 
6-7 1.85 1.54 5 Sy) ihe Sik 
8-9 = = = = 
10-11 = = ib, Sul TIES 
12-13 = = 1.98 1.54 
14-15 = = ITAL 1.66 
16-17 2.16 1 Oy 1. 66 ieo4 
Mean iCal 1.80 Iie 1.45 


(x) 0-1 days excluded. 
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blood-feeding and assimilation. 


6.3.1. Materials and methods. 

Second~generation descendants of gravid females collected 
from the windows in June and July 1975 were reared in the culture room 
at 16 hr/20 C using the same methods as in experiment 2 and trans- 
ferred at pupation to plywood boxes (Section 2.14.) in incubators 
at 10, 15 and 20 C. Each box had two 6 v incandescent lamps giving 
illuminance values of 54 ~ 86 lux, and there were two boxes in each 
incubator, one with a daylength of 12 hr and one with 16 hr. 
Temperatures in the boxes were within 1 Celsius degree of those in 
the incubators outside. Each day's pupation was pooled and redivided 
into six groups allocated at random to the different treatments. 
Batches of 10 - 20 adults were kept in plastic pill vials 10 cm 
long x 4.3 cm in diameter, lined with paper towelling and filter 
paper and covered with gauze, in the same boxes as the pupae. A 
soaked raisin, changed daily, was placed on each vial, and 


removed 2 days before feeding exposures. 


For feeding exposures, females were transferred to the plastic 
cages covered on two sides with netting, (see Section 6.2.1.). Several 
cages at a time were held against my forearms with cylinders cut 
from stretch nylon stockings. There were three daily exposures of 
15 minutes each, starting on day 7 after emergence. Any females 
which had not fed after three exposures were discarded. The room 
temperature during feeding exposures was 23 - 24 C, and the illuminance 


under the stocking used to hold the cages was 516 lux. Blood-fed. 
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females were transferred to plastic cups covered with netting, and 
provided with water-soaked cotton balls, and returned to the boxes 
they were taken from. After 7 days (at 20 and 15 C) or 14 days (at 
10 C) the blood~fed females were dissected and examined for egg 


development and insemination, 


From each treatment ten mosquitoes that had been fed 
raisins only were dissected 14 - 15 days after emergence, and 10 
follicles from each female were measured and assigned a stage, using 


the methods described for experiment 2, 


6.3.2, Results 

In all females Kept at a daylength of 12 hr, no more than 10 % 
of the follicles had reached stage II by 14 - 15 days after emergence, 
but in the females kept at a daylength of 16 hours, 70 - 100 Z% of 
the follicles had reached stage II, (Fig. 65). By 14 - 15 days 
after emergence, 33 - 30 4 of the F:G ratios in the 12 hr groups and 
92 - 100 % of the F:G ratios in the 16 hr groups were greater than 1.5. 
There was a highly significant difference between the F:G ratios for the 
different treatments, (Table 47). Duncan's multiple range test shows 
a highly significant difference between the mean F:G ratios for the 
two daylengths but no significant difference between the means :for 
different temperatures at the same daylength, (Table 48). Note that 
in Table 48 the mean F:G ratio for 16 hr/20 C is ranked lower than 


for 16 br/i5 Cc, 


For each daylength the proportion of females taking blood 


increased with temperature, (Table 49), and for each temperature the 
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Table 47. Diapause induction experiment 3: nested analysis of variance 


in F:G ratios of Cs. tnornata 14-15 days after emergence. 


Source of variation df SS MS F Fat. 0.01 
Treatments 2 223.08 43.76 22.10%** 4.76 
Mosquitoes in treatments 54 107.05 1.98 16.50%** ia73 
Follicles in mosquitoes 540 64.75 Oe 

Total seh) 390.61 


*k = Significant at p<0.01 


df = degrees of freedom 
SS = sum of squares 
MS = mean square 
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blood feeding rate was higher at the longer daylength. At 16 hour 
daylength 86 - 100 % of the blood-feds matured eggs; at 12 hour 

the egg maturation rate was lower and more variable, 0 - 55 %, There 
was no exact correspondence between the percentages of blood feds 
maturing eggs and the follicular development of the raisin-fed females. 
The expected percentages maturing eggs (last 2 lines of Table 49) are 
based on the assumption that only females with follicles in stage II 
or F:G ratios greater than 1.50 at 14 - 15 days after emergence 

would mature eggs. In general, the percentages of females maturing eggs 
were lower than would have been expected from the F:G ratios and 
higher than would have been expected from the percentages with 
follicles in stage II. Although only 60 females were measured at 

14 - 15 days after emergence, 90 were dissected to search for autogeny. 
Two autogenous females were found, both in the 16 hr/20 C group; 

one had 27 stage V follicles, and the other had 6 stage V and 4 

stage III follicles. All the females examined, both raisin-fed 


and blood-fed were inseminated, 


ae Experiment 4: follicle growth, blood~feeding and assimilation 
in Cultseta alaskaensts at 16 hr/20 C 
Blood-fed females collected from the Egyptian trap at George 

Lake in May, 1975 were kept in the laboratory until they laid eggs. 
The larvae were reared at 16 hr/20 C in the culture room using the 
same diet and methods as for Cultseta tnornata. Females were kept 

in vials in boxes in an incubator at 16 hr/ 20 C, as in experiment 3, 
and given raisins. Some females were dissected every 2 days from 


emergence until 14 ~ 15 days, and at 40 - 43 days. Others were 
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deprived of raisins from 5 - 7 days onwards and exposed to my arm 

on 6 occasions, the first at 8 ~ 10 and the last at 27 - 29 days after 
emergence. Blood-feds were dissected 7 days after feeding. No males 
were put with the females because no matings had ever been seen 

poate: aad fe cage where other males and females were housed. The 
follicles of the unfed females grew very slowly, (Table 50). The 
firse in stage I were seen at.8 - 9 days after emergence, and none had 
reached stage II by 40 - 43 days. The mean F:G ratio was well below 


Peowat 14 — 16 days but 1.83 at 40°—' 43 days. 


Fifty per cent of the females had fed after 4 exposures 
(Table 51), but the meals were small. None of the blood-feds ~ 
produced mature eggs, but in 5 out of 9 the follicles reached stage 
II or III, a feature not seen in any of the raisin-fed females, 
Although mating may have occurred in the emergence cage 
before the females were transferred to the tubes, none of the 


females were inseminated, 


6.5. Discussion 

The results of experiment 1 suggested that temperature 
was a more important factor than daylength. However, Mer (1936) found 
than in Anopheles sacharovt blood-fed females did not mature eggs 
unless the follicles had reached stage II before feeding. In 
experiment 1 the feeding exposures began on the day after adult 
emergence, Since most of the females at 10 - 12 C did not feed until 
after the third exposure, their ages at feeding are not known, but 


were probably not more than 10 days since most had diéd by then. 
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Since the follicles did not reach stage II until 12 - 13 days 
after emergence in mosquitoes reared and maintained at 12 hr/10 C, 
(experiment 2) the blood-fed mosquitoes at 10 - 12 C in experiment 
1 could have failed to mature eggs because their follicles were not 
ready at the time of feeding. On the other hand, the majority of 
females at 20 C which took blood on the day after emergence matured 
eggs, (table 41), though their follicles would barely have reached 


Stage I at the time of feeding, (Tables 34 and 43). 


A few blood-fed females in all treatments in experiment 1 
had well-developed fatbodies but no eggs, that is, they showed true 
gonotrophic dissociation (Table 42). The actual fat content was 
not measured, and some of it may have been derived from the larval 
muscle remnants, but most of the females which matured eggs did not 
have well-developed fatbodies. Kalpage (1970) reared Cs. tnornata 
females at various constant temperatures between 10 and 30 C and 
constant daylengths of 8, 12 and 16 hr, and offered them his 
blood 5 days after they emerged, Blood-feeding rates increased with 
daylength and with temperature, as in my experiments 1 and 3, 
but were lower than in my experiment 1 (shown in parentheses), as 
Porsowes oO Nt/LOC.e 16-2, (c0)t) bo HrflO 1c, 30% (42)5> 8 (hr/ 20°C. 

32 % (86); 16 hr/20 C, 60 % (84). Kalpage probably obtained lower 
feeding rates because he only offered them blood ning On the other 
hend far more blood-feds at 10 C matured eggs in Kalpage's experiment 
Ean in tines, (in parentueces); “8 hr/lO0 C, 80 2% (27)3.416 hr/10 C, 
Ti tet to it 20k Cee oe Be eboney 20 0G, 88 7%. (94). The higher 


egg maturation rates in Kalpage's treatments at 10 C may have been 
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because his females were older than mine when they fed, but the 
differences could equally well have been due to chance since his 


sample sizes (5 at 8 hr and 10 at 16 hr) were even smaller than mine. 


In experiments 1 and 3 fewer females kept at 10 C took 
blood than did those kept at 15 or 20 C, in spite of the fact that 
all feeding exposures took place at around 23 C. Many Cs. tnornata 
females were taken on cattle at George Lake at 7 C on 6/viii/74 
(see Fig. 37). It may be that a sudden change of temperature in 
either direction will inhibit feeding until the females have 


acclimated. 


In experiment 2, 20 Z of the follicles of females 
tYansterred to agnr/l0 Gan the) [Vthelarvalsanstar, and. 238° 70f 
the follicles of those transferred at pupation, were in stage I- 
II, though almost all the F:G ratios in these treatments were less 
than 1.5. These females may still be considered in diapause because 
some stage I-II follicles were also found in wild-caught diapausing 
females. Twenty females collected from 1 - 10/ix/75 were first 
measured under the dissecting microscope at X 150 (1 typical follicle 
ee female) then reexamined and measured with phase contrast at 
X 400 (5 follicles per female). At X 150 all follicles were 
classed at stage I, with a mean F:G ratio of 1.22 + 0.06, but at 
X 400, 24 % of the follicles were classed as stage N2, 62 Z as 
stage I and 14 Z as stage I - II, and the mean F:G ratio was 


1.29 + 0.03. 


sd? sind bot at ipuleat 
ati sonte- pert at ‘val | 


a ‘rad sal iewe nave oxew ea aE pee a at 8 
mae Pere a ae ror aa 


jedi jos} ad? 39 ) athge qe te os age a as age a. vo 

Hypertons: .89° qt ded cs boweqe Je only: fons epma a: 
av\Ebiv\a a0) 9S. 18 saad ag1090 46 ano sie sath noses sn 8 

ak orude% nonee to sgasdo nphtine 6 dadj od ysar ar 4 (VE ait 

sed: istimse ed z it one grhbsot ttaxdit ‘Thy. nathan 


/ : ig 
ee ; M . #6). ) ; , 
5) ‘ A a f ee ’ a eT , Eis we 
a ; Say ain LS mya tare = ae 
| : é aha 2a 


fe 


aoinaes to got ostte} silt io. x os at snomlsoqes 0 rt a int 


to : aS Na sipsegt tavisl. #3V1 eit nt v Oe\x8 bag 93 bexreze 


wie 


4 


~f lain at orew BOLING 5 bgrasieng33 seo, ie ston oe 


eesl orsw etnismieos3 seeans ai eoisa7 Ort odd fis seomls Hon ies 
geveoad sausqoth nt aks ad Iiltes you esilemsi seodt ar 


= J 
‘ 


auequs b atnen bi tw ok bmw? oefs srow eoloritod 1-0 a 


a1kt sxsw eth FOL «<b mors? boroatton solaua?, pom: 


Pie 


okotl for Lead ay a £y et X 38 Ni anea dec potsonenth ott sebaw 


¥ vf 
Wey 


$n Jestinos seeitq take borveson bas. boahaexses pads (ok 
O71 FW eofotiiot iis oar x th (ase oma sspstioh @ 
16 sud 20.04 aes 19 er ay mem 8 ton, ive 


os X SO SH Riis Pe eaev "cea 6 
am ele a 7 


265 


A decrease in daylength from 16 to 12 hr at the IVth 
instar or at pupation induced diapause in Cs. tnormata (experiments 
2 and 3), but rearing throughout at 12 hr/10 C did not, (experiment 2). 
This suggests that Cs. tnornata is a long day-short day (LD/SD) animal. 
This response is known in some other insects (Tauber and Tauber, 
1973a), mammals, birds (Andrewartha and Bifch, 1954) and plants 
(Salisbury and Ross, 1969). However, the possible effects of constant 
short days should not be dismissed without further investigation, 
since several factors could have masked the response. A daylength 
of 12 hours may be too short to produce the maximum diapause response 
in Cs. tnornata. In Grapholttha molesta(= Laspeyresta) (lepidoptera: 
Olethreutidae), most larvae diapaused at daylengths of 10 to 14 
hr, fewer diapaused at less than 10 hr, (Dickson, 1949). There are 
many examples of the critical daylength for diapause induction 
being affected by temperature, and the photoperiodic reaction 
may be suppressed by both high and low suboptimal temperatures. 
In Acronycta rumtcts (Lepidoptera: Noctuidae) the critical daylength 
increased by 1 1/2 hour with each 5 C fall in temperature 
(Danilevskii, 1965). It may be temperatures of both 20 and 10 C 
suppress the response to daylength in Cs. tnornata, though it seems 
unlikely because such temperatures were frequently recorded in the 
lakeside pond at George Lake in mid-July and late August, respectively, 


(Chapter 5). 


Tauber and Tauber (1973a) distinguish three types of 


photoperiodic induction of diapause in insects, as follows: 
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a) Induction by constant daylengths above or below a critical value. 
This type has been demonstrated in several mosquito species, including 
Anopheles macultpennis messeae, (Vinogradova, 1960), An. freebornt 
(Depner and Harwood, 1966), and Culex ptptens (Sanburg and Larsen, 


1973; Spielman and Wong, 1973b). 


b) Induction by changing daylengths which cross a certain critical 
value. I know of no demonstrations of LD/SD responses in mosquitoes 
other than Cultseta tnornata, but it is interesting that diapause 
induction in Culex tarsalts was more consistent in females transferred 
from constant light to 8 hr days at pupation than in females reared 

at constant 8 hr daylengths (Harwood and Halfhill, 1964, Fig. 1 and 

2, respectively). In Nomadacris septemfasctata (Orthoptera: Acrididae) 
the adults diapause if exposed to daylengths of lass than 12 hr, 

but the diapause is intensified if the hoppers have experienced longer 
days, and suppressed if they have experienced shorter days, (Norris, 
1965). In Hfeltothts zeq (Lepidoptera: Noctuidae), a few larvae 
diapaused at constant daylengths of less than 13 hr, but diapause 
rates over 90 % were attained only when the parents and eggs 
experienced daylengths of 13 hr, the larvae 11 hr, and there was 


a concurrent decrease in temperature, (Roach and Adkisson, 1970). 


c) Induction by changing daylengths not crossing a critical value. 
Shipitsina (1959) noted that diapause in Anopheles macultpennis 
populations in different parts of the U.S.S.R. appeared when the 
daylengths had reached a fixed proportion of the maximum daylength 


for the region, and she suggested that the decrease rather than the 
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absolute daylength was the cue for diapause. An alternative 
explanation for this phenomenon was provided by Vinogradova's 

(1960) demonstration of geographical races of An. maculipennts, 
responsive to different constant daylengths. Imaginal diapause 
appeared in Chrysopa carnea (Neuroptera: Chrysopidae) in nature in 
August, at daylengths of 13.9 - 14.8 hr, but the critical constant 
daylength for laboratory induction of diapause was 13.5 - 14.0 hr, 
corresponding to natural daylengths in September, (Tauber and Tauber, 
1973b). The growth of Coleophora laricella, (Lepidoptera: 


Coleophoridae), larvae is suspended at constant daylengths of 12 or 


16 hr, but pupation occurs when larvae are transferred from 16 to 12 hr 


(Ryan, 1975). This is the opposite of my results with Cs. tiornacad, 


where follicle development is arrested by a decrease in daylength. 


Cs. tnornata would have to be assigned to Tauber and 
Tauber's type (c) by default, since no constant daylength 
inducing diapause was demonstrated. The fact that diapause was 
induced by a decrease in daylength from 16 to 12 hr in the laboratory, 
and from approximately 18 to 16 hr in the field, (Chapter 5), 
Suggests that change in daylength may be more important than absolute 
daylength. If a decrease in daylength was all that was necessary, 
however, we would expect any eggs hatching after the summer solstice 
to develop into diapausing adults, which we would expect to see 
about July 21. Im fact, the mass appearance of diapausing females 
occurred around August 20, nearly ane after the summer solstice. 
This suggests that absolute daylength, or some more subtle factor 


such as rate of change, are also important in diapause induction. 
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The results for Cs. alaskaensts indicate that diapause 
is obligatory, unless 16 hr is a short day for this species. 
Uninseminated females of some other species fail to produce eggs 
after feeding, (Clements, 1963), and this factor may have affected 
the results for Cs. alaskaensis. The great stability of diapause 
in Cs. alaskaensts suggests that its response to daylengths may be 
similar to that of Stenocranus minutus (Homoptera: Delphacidae), 
in which full ovary development will not take place under constant 
long or short days, and only occurs when females are transferred 


from short to long days, (Thiele, 1973). 
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7, COLLECTION OF FEMALES FROM OVERWINTERING SITES 


Ve ere ucroduction 

Published records of overwintering sites of Anopheles, 
Culex and Cultseta species recorded from Alberta are shown in 
Table 52. My aim was to examine all the known overwintering sites, 
but I know of no caves or talus slopes in the study area, and 2 of 
the mammals whose quarters sometimes harbour mosquitoes, the wood 
rat, (Ryckman and Arakawa, 1952), and the marmot (Shemanchuk, 
1965) occur in Alberta only in the Rocky Mountains (Soper, 1964). 
In southern Alberta Shemanchuk (1965) also found Clx. tarsalis 
and Cs. tnornata in the burrows of badger, skunk, porcupine and 


coyote, but not in the burrows of Richardson's ground squirrel. 


Except for two records of Anopheles earlet in unheated 
buildings above ground and one for Culex territans in a tree- 
squirrel nest, all the known overwintering sites are well insulated 
from the outside air, and most are under the snow or underground. 
This is probably a true record of distribution since the more 


exposed sites are much easier to search. 


7.2. Sites searched and methods of collection 

All mosquitoes described as "overwintering" were collected 
in the months of November through March. Mosquito movement between 
sites is unlikely in this season because temperatures are usually 
below 0 C. Most of the searching was done after January, the coldest 


month, to lessen the chance of obtaining mosquito records from sites 
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Table 52. Known overwintering sites of females of Anopheles, Culex 


and Cultseta species recorded from Alberta. 


Species and Site 


Anopheles earlet 


Mammal burrows 
Shed 

Caves 

Empty Buildings 


Culex terrttans 


Between stones 


Nests of Tree Squirrel 
(Tantaseturus) 

Clumps of grass 
(Calamagrostts) 

Cellars 

Caves 

Food Storage Cellars 


Culex tarsalts 


Mammal burrows 

Rockpiles 

Food Storage Cellars 

Mines 

Mines 

Nests of Wood Rat (Neotoma) 
Talus slopes 

Talus slopes 

Talus slopes 


Cultseta alaskaensts 


Burrows of Arctic Ground 
Squirrel (Spermophtlus) 

Clumps of Grass 
(Calamagrostts) 

Cellars 

Tree Holes, Caves, Cellars 

Hollow Logs 


Cultseta impattens 


Under Floors of Cabins 


Cultseta tnetdens 


Rockpiles 
Talus slopes 


Cultseta tnornata 


* 


Mammal burrows 

Under Cabins 

Caves 

Nests of Wood Rat (Weotoma) 
Cellars, basements,potato 
pits 


Rockpiles * 


Talus Slopes * 
Shafts 


In September-October only. 


Region 


Central Alberta- 
Southern Manitoba 
Minnesota 

Alaska 


Region not stated 


Alaska 


Alaska 
Massachusetts 
Minnesota 
Nebraska 


Southern Alberta 
Washington 

Nebraska 

Colorado 

Utah 

Riverside Co., California 
Oregon 

Utah 

Washington 


Alaska 


Alaska 

Moravia, Czechoslovakia 
USSR 

United States, unspecified 


Montana . 


Washington 
Oregon 


Seuth and Central Alberta 
Montana 
Banff, Alberta 


Riverside County, California 


Utah 


Washington 
Oregon 
Utah 


Authors 


Shemanchuk (1965) 

McLeod and McLintock (1947) 
Owen (1937) 

Hopla (1970) 


Howard et al. (cited by 


Hearle, 1926) 
Hopla (1965) 


Hopla (1970) 

Berg and Lang (1948) 
Price et al. (1960) 
Keener (1952) 


Shemanchuk (1965) 

Rush et al. (1958) 

Keener (1952) 

Blackmore and Winn (1956) 
Dow et al. (1956) 

Ryckman and Arakawa (1952) 
Rush (1962) 

Trent (1960) 

Harwood (1962) 


Hopla (1970) 


Hopla (1970) 
Minar and Hadjkova (1966) 


Gutsevich et al. (1971) 
Dyar (1922) 

Mail (1934) 

Rush et al. (1958) 


Rush (1962) 


Shemanchuk (1965) 

Mail (1934) 

Mail (1934) 

Ryckman and Arakawa (1952) 


Rees (1943) cited in 
Horsfall (1955) 

Rush et al. (1958) 

Rush (1962) 

Linam and Nielsen (1966) 
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where they could not have survived the whole winter. Many of the 
An. earlet were trapped emerging from burrows in April and May, 

but these may still be considered overwintering sites, since many 
traps were placed before the mouths of the burrows were free from 


SnoW. 


The searches in the winter of 1972 - 73 covered the greatest 
variety of sites. In the winters of 1973 - 74 and 1974 - 75, most 
of the searching was at the sites that had yielded mosquitoes in 
_the first winter, (rockpiles, burrows and root cellars), thus the 


results are biassed in their favour. 


7.2.1.  Rockpiles 

Rockpiles created by farmers clearing their fields were quite 
common in the George Lake area, and will probably increase as 
new ploughings make further clearings necessary. The smallest 
rocks were the size of an adult's fist and the largest more than 50 
cm across. The piles were mostly at the edges of fields or sloughs. 
The locations of some of the rockpiles at George Lake are shown on 
the map (Fig. 66), and one is pictured in Plate 5a. Since the piles 
sloped gently most of them.had a complete snow cover in winter 
except sometimes for the top on the windward side. Twelve collections 
were made from 7 rockpiles, 5 at George Lake, (numbers 1, 2, 3, 4 and 6), 
one at Onoway, 30 km south of George Lake, and one in a ditch by 
the side of the road 8 km west of Busby and 9 km east of George Lake. 
Rockpiles 1 - 4 at George Lake were all within 200 m of known breeding 


sites of An. earlet and Clx. territtans. The rocks were turned and 
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Fig. 66. Map of George Lake site showing location of studies on 


overwintering. 
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Plate 5 


a. Rockpile 6, George Lake, 22/ii/75, with snow cover and 


rocks in foreground removed. 


b. Traps used in badger burrows to catch mosquitoes 


entering (arranged as on left) or leaving (arranged 


as in situ on right). 
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examined individually for mosquitoes, which were aspirated into 
vials kept on snow until the end of the trip, then stored at 

+2 C, as were all the overwintering mosquitoes collected. Most of 
the rocks were dry and easy to handle but a few were stuck together 
with ice and were freed by tapping lightly with a crowbar. 
Temperatures within the air and between the rocks were measured with 
a telethermometer, (Yellow Springs Instruments), the probe attached 
to a piece of stiff wire and pushed between the rocks. Continuous 


temperature recordings were made in three of the piles, (Chapter 8). 


In the spring of 1974, just before snow melt, rockpile 1 was 
covered with a black polyethylene sheet fitted with an exit trap 
at the top, (method of Harwood, 1962). No mosquitoes were caught, 
perhaps because the plastic was torn by saplings in several places, 


creating other escape routes, 


Since the piles and the rocks varied in size, and some of 
the searches did not go through a whole pile, the best population 
estimate was the number per man-hour. This was never more than 4.0, 
and the rockpiles were a good source of material only because of 


willing help from staff and students of the University of Alberta. 


7,222. Logpiles 

Fallen trees in the aspen wood and logpiles on the farm created 
by forest clearing were searched by upturning any stems that could be 
moved, stripping bark and blowing into crevices. Logpiles were always 
difficult to search because the branches were tangled together, and 


almost impossible in winter when some were frozen into the ground. 
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Mosquitoes were found in three piles (x, y and z in Fig, 66) but 

only from one pile (y) in winter, and temperatures were recorded in 
this same pile (Chapter 8). The uneven shape of the piles caused 
uneven distribution of snow around them, and melting occurred on sunny 
days where the dark branches protruded. This meant that the space 
between the logs was connected with the outside air in several places, 


and got almost as. cold. 


One logpile was covered with black plastic sheet fitted with an 
exit trap in the same way as rockpile 1. The plastic was torn in 
several places by sticks, and no mosquitoes were caught. During 
August 1974, aspen logs 75 cm long and 10 — 20 cm in diameter were 
stacked parallel in pyramidal piles of 20, (arrangement shown in 

Fig. 66, inset). There were 3 rows of 6 piles, two in the aspen wood 
and one along the east boundary of the farm. No hollow logs were 


found in the two dominant trees, aspen and spruce. 


Petco. Root cellars 

Root cellars are cool, dark buildings sunk into the ground, used 
for storing potatoes and other vegetables through the winter. The ones 
examined ranged in size and complexity from an excavation in a 
hillside no more than 3 metres wide, roofed with boards and earth, 
to metal hangers several hundred metres long and one hundred wide with 
machinery to warm, humidify and circulate the air. It was only in 
the four smallest that mosquitoes were found in winter. The cellar 
from which most of the mosquitoes were collected belonged to Mr. 


J. Walter at Ellerslie, 20 km south of downtown Edmonton. It was 
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9.1 m long by 6.7 m wide, with walls 2.1 m high and a gabled roof 
raised a further 1.5 m. the whole structure was sunk about 1.75 m 
into the ground. The lower floor was divided into four rooms, 

and separated from the roof space by a ceiling covering about 

half the area of the building. Two hatches about 60 cm high in 

the west wall remained open during September, for tipping the 
potatoes into the cellar, and seemed to be an ideal entry route 

for the mosquitoes because of their burrow-like appearance. During 
the winter Mr. Walter tried to keep the temperature at +5 C by means 
of a small gas heater, and the large quantities of vegetables 
probably kept the relative humidity high, (means of 71 % on 24/ii/73 


Bhdm6s52 00 24/1a1/ 73). 


7.2.4. Burrows 
Most collections were from mammal burrows 15 - 25 cm in 
diameter and at least 2 m deep, in banks of well-drained sandy soil, 
and with their entrances usually nearly horizontal. Burrows at four 
sites were examined: 
A: four burrows on north-facing and 9 on south-facing roadside banks 
2.4 km east of Dunstable, which is 5.6 km west of George Lake. 
A'; Eight burrows on a north-facing roadside bank 1.6 km west of 
Dunstable, were examined only in the fall of 1972, as they were 
destroyed in 1973 when the road was widened. 
B: Six burrows in a west-facing bank on the northern edge of the 
Sturgeon River valley, about 4 km northeast of St. Albert. 
C: Sixteen burrows in the east and west facing banks of a road 


about 6 km NNW of Dunstable. 
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According to local people the burrows at all 4 sites were of 
badgers (Taxideataxus), though a badger was seen only once, on 
17/vi/75 at site A. Fresh diggings and footprints were seen at sites 


AM RESfand "Crbut ot aevs. 


A few mosquitoes were collected from the burrow mouths by 
aspirator, or flushed out by spraving in a household aerosol containing 
synergised pyrethrins, ("Raid"). Most of the mosquitoes were collected 
in spring using exit traps based on the design of Harwood and Halfhill 
(1960). The traps (Plate 5b) were made from cans 10 cm diameter and 
15 cm long, from which the bottoms were removed and replaced with a cone 
of 1 mm mesh black plastic screen pointing inwards with a 1.5 cm 
hole at the apex. A 2.5 cm hole was cut in the push-in lid and 
covered with 2 mm mesh metal screen. The can was attached at its 
base to a 20 cm square of plywood with a hole to receive the can, 

A skirt of black polyethylene was attached to the edges of the plywood 
to aid in sealing the trap in the burrow mouth with earth. In the 
first traps made there was no protection for the entrance cone, and 
most of them had holes chewed in them, probably by small rodents. 
Further damage was prevented by a protective screen of 6 mm mesh 


galvanised wire. 


In fall 1972 and 1973, the traps were pointed inwards to 
catch mosquitoes entering, but none were caught. In spring 1973, 
1974 and 1975 the traps were positioned to catch mosquitoes emerging. 
Once every 7 - 10 days the lids were carefully removed and mosquitoes 
collected by aspirator: 10 - 20 4 escaped. Some traps at site B 


in 1973 and at site A in 1975 were removed, trampled and shet at 
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by vandals. On 23/x/74 a burrow was discovered in the woods at 
George Lake, near the top of a gentle slope close to the lake shore. 
It was at least 1.5 metres deep, with an entrance 15 cm high by 25 

cm wide, facing ens Three Anopheles earlet females were taken 
resting at the mouth on 23/x/74. A trap was set over the mouth in 
the spring and summer of 1975, but no more mosquitoes were taken. 
Temperatures were recorded in the burrow from October 1974 to May 


1975 (Chapter 8). 


The holes of bank swallows, Riparta riparta, are used as 
summer resting sites by Cs. alaskaensts in Alaska (Hopla, 1970). 
Twelve were examined on 24/ii and 10/iii/73 at Whitemud Creek, 
just south of 23 Avenue, Edmonton, but no mosquitoes were found, 
In October 1973, three burrow systems of Richardson's ground squirrel, 
Spermophtlus rtchardsonit, with 13 metres of runs, 5 nest chambers 
and 6 entrances, and runs of the pocket gopher, Thomomys talpotdes, 
totalling 32 metres with 8 entrances, were dug out in pastures at 
George Lake. No mosquitoes were seen, but some could have been 


buried in the frequent cave-ins and passed undetected, 


In September 1972 eighteen artificial burrows were created 
by sinking 75 cm lengths of 10 cm (inside diameter) cement drainpipe 
horizontally into banks at George Lake. They were examined until late 


October but no mosquitoes were found, 


fa2.5. ther sites 
Several other sites were searched in winter, including 4 


culverts under roads, 1.5 km of storm sewers discharging into the 
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North Saskatchewan River at Edmonton, a cow barn, pigsties, empty 
unheated buildings, an abandoned cellar, mats of labrador tea, 
woodpecker aie: and spaces under loose bark. Some sites in the 
woods at George Lake examined in late October included piles of 
dead leaves, tree squirrel runs, 3 mounds of wood ants (Formica sp.) 
and the bases of Carex stems in a wet meadow beside the lake, 
(location Gan Fig. 2). On 5/iv/75, whenithe forest was still deep 
in snow, eight l ae pyramidal traps were put out, two in a labrador 
tea mat, two in a pure aspen stand, two under a spruce tree and two 
in the Carex meadow, to catch mosquitoes emerging from the litter, 
The traps were examined until late May but no mosquitoes and few 


other insects were taken. 


7.3. Results 
Five hundred and eighty-seven unfed females of 4 species were 
collected from rockpiles, logpiles and root cellars during winter, 


or trapped emerging from burrows in spring, (Table 53). 


iio. L. » Rockpiles 

Twelve searches costing 116.5 man-hours revealed 212 mosquitoes, 
or 1.82 per man-hour, (Table 54). The most abundant species was 
Anopheles earlet, with 108 collected in 10 of 12 searches; the 
greatest number in one search was 54, Next was Culex terrttans, with 
102 in 9 of 12 searches, and a maximum of 28 in one search, The 
maxima per man-hour were 2.25 An. earlet and 4.0 Cla. territans. 
One Cultseta alaskaensis was collected at George Lake and one 
Cultseta stlvestris minnesotae at Onoway. The mean air temperature 


(-3 C) was close to the mean temperature between the rocks (-4 C), 
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but a difference of up to 13 degrees was observed between air and 
rockpile temperatures on individual days. Air temperatures were 
higher than average because they were taken in the middle of the day 


and searching was done on the warmest days possible. 


The vertical distribution of An. earlet and Cly. territans 
in three of the piles is shown in Fig. 67. Both species were 
distributed from under the first stone (5 — 10 cm) almost to the 
bottom of the piles, but the Clx, terrttans were generally higher 
up. Note that in fitting all the mosquitoes into the plane of the 
figure, the distance of each one from the surface of the pile has 
been faithfully represented, but some individuals appear further from 
the bottom of the pile than they really were. The same data are 


presented as histograms in Fig. 76. 


7.3.2. Logpiles 
The only mosquitoes found in a logpile in winter were 2 
Cle. territang taken on 19/xi/72, thus it was not confirmed that 


they could survive the coldest month at this site, 


jeae0. Root cellars 

An estimated 415 An, eqrlei were seen in 4 root cellars during 
3 winters, and 243 of them were collected. One Clx. territang was 
Caught in’ Gernowski"s root cellar, St. Albert, on 31/i111/73, but since 
it was near the door, the weather was warm and snow melt well advanced, 


it could have flown in from elsewhere the previous day, (Table 55). 


Walter's root cellar was estimated to contain 330 An. a@rlet 


on 17/ix/74by multiplying the density of approximately 5 per as 
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Pile 6, George Lake , 22/11/75 
NW SE 


Snow depth since 
late December 


Pile 1,George Lake ,15/i1/75 


Onoway 3 22/iii/75 


Top bare 


Method of moving mosquitoes 
to plane of figure 


5 0 75 100cm 
o Culex territans 
+ Anopheles earle/ 


terrttans females in 3 


Fig. 67. Distribution of An. earlet and Cla. 
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by the roof area of 66 ne since most were on the roof. On 18/i/75 


there were 126 left, but 82 had already been collected, thus the 


survival between September and January was 50.8 %, assuming no further 


females entered the cellar after 17/ix/74. By 14/iii/75 another 


83 had been removed and 19 were seen, thus the survival between January 


and March was 44.2 %, and the survival between September and March 


was 11.5 %. On 13/i/73, the first visit, 47 An. earlet were seen, and 


only one was seen on 24/iii/73, after 21 had been removed, thus the 
survival from January to March was 3.8 2. Ten An. earlet were seen 
on 5/1/74 and 3 on 24/ii/76, the only visits in those winters. These 
are only rough estimates of resting densities and survival, but it 
appears that few An. earlet would have survived the winter in this 
cellar. The mosquitoes taken in January, February and March appeared 
very thin, and the rather high temperatures, (mean 6.4 C) may have 
caused death from starvation. This cellar also had many spiders, 
mostly Linyphiids. Remains of An. earlet were seen in several of 
their webs. On 24/ii/76 a Linyphiid was seen feeding on a freshly- 


killed An. earlet. 


Ten other root cellars were examined at St. Albert, Oliver, 
Winterburn and Spruce Grove, but no mosquitoes were found in any of 
them. The mean temperature in five of them was 4 C, (range 4 - 7), 
and all were dark and humid. All had doorways big enough to drive 
a truck through and the mosquitoes may have been unable to get in 
because the doors were open only for brief periods during the day. 
Since these cellars were all visited in February and March, mosquitoes 


could have been present earlier in the winter. 
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7.3.4. Burrows 

In three springs 127 An. earlet and one Culex terrttans were 
trapped emerging from the burrows, in 53 burrow-seasons, or 2.4 
An. earlet per burrow-season (Table 56). The number per burrow-season 
wasemuch lower im'1974 (0.594 thanjin 1973 (7.0) or in{1975 (3.0). 
Six of the burrows used in spring 1974 had been fitted with entry 
traps in the fall of 1973, but a mosquito was trapped emerging from 
each of two of these burrows in the spring, and if the burrows used in 


fall 1973 are excluded, the number per burrow~season is still only 0.6. 


At site B the burrows trapped were the same over the three 
years, but at sites A and C some old ones caved in, new ones 
appeared, and trapping was abandoned in a few that were consistently 
unproductive. No mosquitoes were taken from 49 Z of the burrows 
trapped, and 20.8 % had 1 - 2 in a season, while only 3.8 4 had more 
than 10 in a season, (Table 57). The distribution at sites A and C 
in 1975 was related to the aspect of the burrow entrances, (Table 
58), the greatest numbers being taken from the south-facing burrows, 
and none from the north-facing burrows at Site A, which were covered 
with snow about two weeks longer than the other burrows. There were 
more mosquitoes in burrows with signs of recent mammal activity 
(fresh digging, pawmarks and displacement of traps) but the association 
was not: statistically significant, (Table 59). Some of the traps, 
particularly at site A, were disturbed (displaced or bypassed) by 
humans and other animals. Although some of the mosquitoes collected 
could have overwintered elsewhere and used the burrows only as a 


temporary spring resting place, most of those from the disturbed 
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Table 58. An. earlet females trapped emerging from burrows with 


different aspects, George Lake, April-May 1975. 


Aspect 
North South East West Total 
No. of burrows 4 4 6 8 22 
No. with An. earletr 0 4 4 6 14 
Total An. earlet ) 25 ee 36 78 


Mean An. earlet/burrow 0 6.25 2.83 4.50 cers 
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Table 59. An. earlet females collected from burrows with and without 


Signs of mammal activity, George Lake, April-May 1975. 


With mammal Without mammal rotal 
activity activity 
Numbers of ee, 
with An. earlet 6 8 14 
without An. earlet 2 6 8 
Total 8 14 Ze 
Numbers of An. earlet 
TLOtaL 55 45 78 
Numbers per burrow As i Sere Cys) 
(1) For upper part of table, ene = 0.81, no significant association 


between An. earlet and mammals. 
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traps were taken before the first disturbance, (Table 60). The single 
Cla. territang was taken quite late in spring, on 15/v/75, but it was 
from a trap that had never been disturbed. A gravid An, earlet was 
taken at site C on 23/v/75, from a trap that had been displaced some 
time between 7 and 15/v/75, leaving the burrow mouth open. An, earlet 
had been seen on cattle on 7/v/75, so it seems most likely that this 
eens female had taken a blood meal earlier the same spring, and had 
used the burrow as a temporary resting site. It is not included in the 


total of overwintering An, earlet. 


The emergence of 4n, earlet lasted from snow melt until three 
(1974) to seven (1973) weeks later, (Fig. 68). The interval between the 
middle of the snowmelt period and 50 % emergence was 21 days in 1973, 
5 days in 1974 and 15 days in 1975. In 1973 and 1974, trapping ceased 
one week after the first occasion that no mosquitoes were taken in the 
traps. In 1975, trapping was continued from June through August at sites 
A and C, using 18 burrows and 9 exit traps alternating between visits. 
This was important because Shemanchuk (1965) found that most of his Cs, 
tnornata did not emerge from the burrows until June, while An. earlet 
emerged in April and May. No mosquitoes were taken in the traps at 
George Lake in June 1975. ‘The numbers taken in July and August are shown 
in Table 61, combined with the numbers taken in exit traps at site A in 
August 1974, and the numbers taken by spray and aspirator in 1972 and 
1973. Unfed, gravid and male An, earlet, one unfed Cs, inornata and 
one unfed JAedes fitehit were taken in summer, and unfed An. earlet and 
Cs. tnornata were taken in fall, all but 4 of the An. earlet in early 


September, the last on 19/ix/74. 
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Table 60. Numbers of unfed An. earlet in disturbed and undisturbed 


traps over badger burrows, George Lake, April and May, 


ee 7 Oe 
Numbers of An. earlet 
in disturbed in undisturbed Total v4 
traps traps 
Before first disturbance 34 34>) 68 87 
After first disturbance 10 62) - 10 13 
Total 44 34 78 100 


(a) -ePlus—lLignavideAis ecarlet. 


(b) Plus 1 unfed Culex territans. 
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Fig. 68. Dates of emergence of An. earlet females from badger burrows 


in spring, 1973-/5. 
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7.3.5. Other sites 

No mosquitoes were found in any other sites in winter, but some 
collections in late summer and fall provide clues to possible overwintering 
sites, (Table 62). An. earlet was found in the specially-constructed 
logpiles until the end of September, in animal sheds until early 
September, and in the culvert until mid-November. Culex territans 
was taken in the culvert in late August; all collections in fall were 
from places already shown to be overwintering sites. On ix /2 
a search of rockpile 1 lasting only 30 minutes revealed 15 female 
and 2 male Clx territans , and 2 female An. earlet, The high collection 
rate, 34 females per man-hour suggest that mortality in the rockpiles 
may be high, though very few dead ones were found in winter. Cs. 
tnornata were taken from the culvert until late October, but it seems 
unlikely that they could have overwintered there, since the culvert 
remained open at both ends throughout the winter. In late August 4 
Cs. tnornata and 2 Cs. alaskaensts were taken in logpiles. The 
earliest Cs. tnornata female was taken on 9/v/73, under a log at the 
bottom of a pile, next to the leaf litter. She was nulliparous and 
had a fatbody rating of 2. She could have flown there that same 
spring, or overwintered there, One female and 9 male Cs. tnornata 
were caught in the Carex meadow on 30/x/74, but the female had a 
meagre fatbody reserve, rated at 1, and could have been a late emerger 
from the breeding site nearby. One An. earlet and 2 Cs. tnornata 
females were collected from Cernowski's root cellar, St. Albert on 


bj ix/73. 
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7.3.6. Other animals in overwintering sites 

Most sites searched during winter had some living insects and 
spiders. Fungus gnats (Mycetophilidae) were found at almost all 
sites, even under the bark of standing trees, which must have been 
nearly as cold as the air. Adult herald moths (Secoltopteryx ltbatrix 
L., Noctuidae), were found in the rockpiles, root cellars, burrows 
and a culvert. Winter crane flies (Trichoceridae) were abundant in 
several root cellars and were mistaken for mosquitoes by some farmers. 
Some animals leaving the burrows in spring and entering them in fall 
are shown in Table 63). Six orders of insects were represented, and 
there were also spiders, harvestmen (Opilionida) and small toads. 
The best represented insect families were Mycetophilidae and 
Gryllacrididae (camel crickets), the latter only at site B. They 
were not counted on busy days, so the table underestimates their 
numbers. The Culicidae were the third most abundant family. Although 
flying insects were well-represented in the spring collections there 
were very few in the fall collections, which suggests that the 
protective screens over the traps may have deterred insects trying to 
fly in. A female Eucorethra underwoodt Underwood (Diptera: Chaoboridae) 


was taken from a burrow at site A on 24/vii/74. 


Fewer other arthropods were found in rockpiles than in burrows. 
Spiders were found mostly near the bottom of the piles; a maximum 
of 68 was taken from pile 6 on 22/ii/75. Three adult water beetles 
(Dytiscidae) and 2 water striders (Gerridae) were found in rockpiles 
close to eibuche’ An adult hover fly (Syrphidae) and flea pupae 


and adults were found in the bank swallow burrows. Searching the 3 
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in spring “and fall. 


Spring Fall Total Percent 
(Leaving) (Entering) 
Number of burrow seasons 54 8 
Insecta 
Orthoptera 
Gryllacrididae ows 65 IWAN GF 23.0 
Hemiptera 
Gerridae i 0 1 0.2 
Diptera 
Bibionidae EZ 0 2 0.3 
Culicidae 129 0 129 21.0 
Mycetophilidae 124 + 5 29 et ZA O 
Psychodidae 1 0 1 0.2 
Undetermined* 38 + 3 41 + 6.7 
Lepidoptera ~ 
Noctuidae 6 0 6 1.0 
Uadetermined- 22 0 22 3.6 
Hymenoptera 
Andrenidae 10 0 10 1.6 
Formicidae 0 W574 
Ichneumonidae 0 0.2 
Pompiliidae 21 0 21 3.4 
Sphecidae 5 0 5 0.8 
Coleoptera 
Carabidae 0 Shas! 
Curculionidae 5 0 5 0.8 
Elateridae 13 0 13 Phaal 
Scarabeidae 1 0 1 0.2 
Silphidae 3 om 3 0.5 
Staphylinidae 0 18 i 0.2 
Undetermined 1 0 ab 0.2 
Arachnida 
Araneida 39 2 41 6.7 
Opilionida 0 6 6 0 
Amphibia 
Bufonidae (Toads) 14 23 Shits! 
Ranidae (Frogs) 1 0 1 0.2 
Total ow 96 613 100.2 


1 Mostly Cyclorrhapha. 


2 Probably includes more Noctuidae. 


+ More seen but not. counted. 


Table 63. Arthropods and amphibians trapped from badger burrows 
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anthills revealed 26 adult beetles (8 Staphylinidae, 16 Carabidae and 
2 Dytiscidae), 1 moth pupa, 8 fly puparia, 1 centipede and 8 small 


frogs. 


7.3.7. Ovary and fatbody development in overwintering females 
The 271 An. earlet dissected came in about equal numbers from 
rockpiles, root cellars and burrows, and nearly all the 87 Clzx, 


terrttans came from rockpiles. 


All Clx,. territans examined were inseminated and nulliparous. 
Of the An, earlet from the burrows one was uninseminated and one 
was parous. The par was collected on 2/v/74, and would have to have 
been in the burrow by 24/iv/74 when the trap was set. An. earlet 
were taken at cattle on 23/iv/74, and could have begun biting earlier, 
but it seems unlikely that this par could have completed an entire 


gonotrophic cycle that spring. 


Most of the An. earlet from rockpiles had follicles in stage I, 
a well-developed fatbody, and the mean F:G ratio was only a little over 
2.0 (Table 64). All 10 females with stage IIa follicles in March were 
from pile 1 on 15/iii/75. The females from the root cellar had 
mostly stage I follicles throughout the winter, with a few in stage 
II in January and March. The fatbody ratings showed a decline, and 
the mean F:G ratios an increase, through the winter months. In 
about half the An. earlet collected from the burrows, follicles had 
reached stage II, there was little or no visible fat, and the females 
appeared to be out of diapause. Some of eas development may have taken 


place in the traps. 
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Table 64. Follicle and fatbody development of Anopheles earlet and 
Culex terrttans females from overwintering sites. All 
examined were inseminated and nulliparous, except where 


otherwise indicated. 


Mean 
Species, site Number ——Stage Fatbody rating F:G Number 
and month dissected I Ila EIbS 0 ib 2 3 ratio measured 
Anopheles earlet 
Rockpiles 
November il 0 1 0 0 0 0 1 - 0 
February 22 22 0 0 0 3 19 0 ZeOZ 21 
March 65 55 10 0 0 yp GS 2 2.07 46 
Sub-total 88 77 11 0 0 10 65 3 2.04 67 
Root cellars 
November 16 16 0 0 0 OR LG 1.98 16 
December 15 US 0 0 0 0 2 13 2.08 15 
January 12 8 2 2 0 Ti 0 2020 m1? 
February 24 24 0 0 @ als 8 iL Zee 11 
March 23 20 2 1 Oe 107 13 0 2es 10 
Sub-total 90 83 4 5} 0 26 34 30 2-13 64 
Burrows 
March 2 2 0 0 0 0 0 2 - 0 
April 33 Yallom ic 3° evo luagen 204 0d 2.16 7 
May pone mE e) wd) Se oie ahS) oe on, | 2.46 81 
Sub-total 93 47 22 24 3 43 41 6 Zed 88 
Total 271 207 «37 27 SG isy 39 2.1669) 19 
Culex terrttans 
Rockpiles 
November 4 4 0 0 0 0 0 4 - 0 
February 26 26 ) 0 0 0 618 8 1.66 22 
March 55 55 0 0 0 0 43 iy 1.44 41 
Sub-total 85 85 0 0 of mone: pb2y c55 53 
Root cellar 
March it 1 0 0 0 0 1 0 - 0 
Burrow 
May 1 0 1 0 Oo a0; ale vO ne 1 
Total 87 86 1 0 0 0 63 24 2.02 69) 54 
(a) One uninseminated. (b) One Stage III follicle. (c) One parous. 


(d) Mean of means for Sub-totals. 
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All the Clx. terrttans from the rockpiles had follicles in 
stage I, most had a well-developed fatbody, and the mean F:G ratio 
was little more than 1.50. Thus the females appeared to be still in 


diapause. 


7.4. Discussion 

The numbers of females recorded reflect more the ease of 
collection than the relative importance of different overwintering 
sites to the mosquito population. More An. earlet were collected 
from root cellars than from any other site, but root cellars are 
far less common than rockpiles and burrows, at least in the George 
Lake area. Only An. earlet were taken in the root cellars, plus one 
doubtful record for Clx. territans, while 4 species were recorded 
from the rockpiles. Furthermore, it appears that mortality of 
An. earlet in the root cellars is high. Khelevin (1941) noted that 
the November - April mortality of An. macultpennis (subspecies 
not stated) in the Ivanov oblast, U.S.S.R., was 96.8 2 in warm shelters 
(8 - 10 C) but only 8 % in semi-warm shelters (2 - 6 C). The temperatures 
and estimated mortality in Walter's root cellar fall between these 


two groups. 


In its overwintering habits An. earlet seems similar to 
An. m. messeae in the U.S.S.R., which pass the winter in shelters 
without mammalian hosts, such as root cellars, or in outside sites 
such as "depressions round the roots of trees, animal burrows, piles 
of straw, heaps of brushwood, stacks of peat, reed-grown areas, beneath 


the bark of trees and many other similar places" (Detinova, 1962, 
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summarising findings of many Soviet workers), An. m. messeae 
overwintered in caves near Archangel, (Timrot, 1941). An. 12. 
atroparvus and An. m. messeae were both found in cowsheds near Hamburg 
in summer, but in fall most of the An. m. messeae left for outside 
overwintering sites, while the An. l. atroparvus remained in the 

sheds throughout the winter, and fed on both cattle and fowls (Weyer, 
1937). None of the overwintering mosquitoes in the present study 


showed any sign of blood feeding. 


All the overwintering Clx. terrttans and all but one of the 
An. earlet examined were nulliparous. In the U.S.S.R. only nulliparous 
An. m. messeae overwinter, (Detinova, 1962), and in the Sacramento 
Valley, California, the only An. freebornt collected in December and 
January were nullipars, though some were blood-fed and showing 
gonotrophic dissociation (McKenna and Washino, 1970). The proportion 
of parous Clx. tarsalts in California reached a minimum between 
November and January, but they were never completely absent, either 
in the San Joaquin Valley (Burdick and Kardos, 1963) or in Imperial 
Valley (Nelson, 1971). In Colorado 2 of 599 collected in a mine in 


December (0.3 %) were parous, (Blackmore and Dow, 1962). 


Neither An. earlet nor Clx. territans is known to be an 
epidemic vector of Western Encephalitis. Even if they are involwed 
with virus transmission in nature, the fact that all those collected 
in winter were nulliparous, and the lack of any evidence for gonotrophic 
dissociation, make them extremely unlikely winter reservoirs of WE 
virus. The only known vectors in the area, Clx. tarsalts and 


Cs. tnornata, were not found in winter. This is reminiscent of the 
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search in Connecticut for the overwintering sites of Cs. melanura, 
a proven vector of Eastern Encephalitis there, which was rewarded 
with 2,569 mosquitoes of 6 species, but no Cs. melanura, (Wallis et 


al, 1958). 


An. earleit in the root cellar had become gonoactive by January, 
(section 4.3.1.), and those collected from rockpiles in February and 
March had better developed follicles than the last females taken in 
fall, but the exact date they became gonoactive was not determined. 
Nearly all the Clx. terrttans from the rockpiles seemed to be still 
in diapause, but the appearance of biting Cs. alaskaensis and An. 
earlet at snow melt, and of fed and gravid Clx. terrttans shortly 
afterwards, suggests females of all three species become gonoactive 
during winter, and do not require reactivation after emergence 


from their overwintering sites. 


It is likely that Cs. alaskaensts and Cs. tnornata overwinter 
under logs in the forest, close to the leaf litter, where it would be 
humid in fall and well-insulated in winter. Such sites were difficult 
to search in winter. The collection of An. earlet from a beaver lodge 
(Section 3.7.) shows how large numbers of females could pass the winter 
in a small space. Wesenberg-Lund (1921) found very many Cs. annulata 


in a hollow tree in winter in Denmark. In northern Alberta on 4 


April, 1792, when there was still more than 25 cm of snow on the ground, 


Peter Fidler (quoted by Twinn et al, 1948), found live "muskettoes" 
under the bark of old dry "poplar" trees, in some places in cakes 5 cm 


thick, These may have been mosquitoes, though in such a microhabitat 


303 


ip mn Ro 


ee Bee 
ik? 


ie Aa ‘nee i. ai ie ns beh Sie ey 
. Ja Pat 

nna wy when Ie heed > 
“panne a ‘etaoucong. ape a | ae 
ae a iy bis i i" ; 
‘bas eriortet ay zo rive He se a 


sya tome ay: 


at: ‘poste satendt 3 seal oda neds 
Sataresen vou aw ovtaanoncg amaned 
Lite ed es hess soto ks | | 

2 aah Bae -croisakante, ao gale 26 ommtsece » th a | 
| etree actos heed «GND ‘bivexg. ae ‘het 0 ibae fsa wo 46 
S caneetnat ago 2d: patosge ext. fia Ao sahomo? oa gue, abi 
sangeet, ‘rode nodtevbiosat mage ats ob ton tesa 

eoste galnstaiwseve ' 


oe | hawmial ‘duh stre i peer a ru 

_ yeiakvrave panna +9 burs stersosmntn 4 wi at Ki : 
io) Waa : “ns en shite: i =a 

sd ivew ok ered ional Yeot ais oa ears: 1390702 ada at 
f Cues as nee 


ates d¥ath. 2158 eotte doue “agai - bodainent-[taw tet 


Af a Hsin pe 
Bt aay a ee She, Paaks | ne 


sgh weened f ‘monk selans Pays te soldisiios edT .tsank 
iia id) ae Oe i 


wed os easy bine ‘ealanst te pal ‘ogmel wor ewoda. fag ag 
a ee cua ewe ea) eeeienlamnatl aimee pee 


7 


304 


fungus gnats (Mycetophilidae) cannct be ruled out. Similar mass- 
hibernation sites of Cs. alaskaensis and Cs. tnornata may exist at 
George Lake and the fact that no Cs. tnornata were found does not 


prove their inability to overwinter there, 
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8. COLD-HARDINESS 


8.1. Introduction 
The cold-hardiness of Anopheles , Culex and Cultseta females 
was studied as a means of delimiting the possible overwintering sites, 
and as a matter of interest in its own right. Three methods were 
used: 
a) recording temperatures at the females' overwintering sites, 
b) measuring the females' supercooling points, 


c) determining mortality rates of females at low temperatures. 


Since Shemanchuk (1965) recorded temperatures as low as 
-15 C in a mammal burrow of the type that Anopheles earlet, Culex 
tarsalis, and Cultseta tnornata used to overwinter, it was expected 
that these species would either have to supercool considerably or 
be freezing-tolerant, (terminology of Salt, 1961). Since there is 
no external sign that an adult mosquito is, or has been, frozen it was 
hoped that comparison of the supercooling points of the mosquitoes 
with the temperatures in their overwintering sites would provide some 


indications of freezing tolerance. 


8.2. Materials and methods 

8.2.1. Recording of temperatures in overwintering sites. 
Single-probe, battery-operated temperature recorders 

(Palmer Instruments Inc., Cincinnati, Ohio) were used at George Lake 

to make continuous recordings between October and April in a logpile 

(1972 - 73), three rockpiles (2 in 1973 - 74 and 1 in 1974 - 75) and 


one mammal burrow (1974 - 75). These recorders had mercury-filled 
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probes, a mechanical recording system, and a 3l-day chart driven 

by a 1.5 volt flashlight battery. Alkaline energizer cells were used 
and the recorders were enclosed in unheated plywood boxes. One 
chart drive worked throughout the winter of 1972 - 73, when absolute 
minima of -36 C and 10-day means of -21 C were recorded at Sion, but 
in the winter of 1974 - 75 both chart drives stopped on a day when 
the minimum at Sion was -31 C. Even when the chart drives had 
stopped, the recorders continued to function as maximum-minimum 
thermometers. The scales only went down to — 18 C but calibration 
against a thermocouple at lower temperatures showed that linear 
extrapolation of the scale to -31 C was as accurate CE IO) ase in 


the normal range of the recorder. 


From October 1974 to April 1975, hourly temperature 
records in rockpile 5, George Lake, (location in Fig. 66), were made 
with a battery operated, 9-channel, thermistor recorder, (Grant 
Instruments, Cambridge, England). Probes were placed at 10, 20, 50 
and 100 cm deep in the pile, and a fifth was suspended vertically 
1 m above the apex of the pile, and shielded from the sun by a vaned 
venturi tube of white-painted aluminum foil, (Unpublished design of 
Dr. G. Courtin, Laurentian University, Sudbury, Ontario). A six 
volt alkaline battery was used, and the recording unit was installed 
in an insulated box with a 40 w pipe heating tape set to +3 C. 

Some days were missed in November and January due to an electrical 
fault, and a second recording unit was used for 2 months while the 
first was repaired. Both temperature ranges on each of the two 


instruments were calibrated against the thermocouple used to determine 
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supercooling points. Daily maximum and minimum temperatures (as 
scale units) were transcribed onto punched cards, and the conversion 
to degrees (including corrections) and calculation of maxima, minima 
and means for each decade was done by computer, using a Fortran 
program written by Paul Addison, Department of Botany, University of 


Alberta, 


In none of the series of recordings was it confirmed that 
the mosquitoes overwintered exactly where the probes were, since 
doing so would have involved removing the snow cover and making the 
sites unsuitable for further recordings. Mosquitoes were found in 
rockpile 1 the winter before and the winter after the temperature 
recordings were made. The burrow where temperatures were recorded 
was in the aspen wood, while the burrows from which most of the 
An. earlet were collected were in roadside banks, but no recordings 
could be made in these burrows because of the danger of vandalism 
(see Chapter 7). In October 1974, a large rockpile in the farmyard 
at ore Lake was divided into two, (numbered 5 and 6, in Fig. 66). 
Temperatures in pile 5 and snow cover at 9 points on each pile were 
recorded until 22/ii/75, when pile 6 was searched and the depths of 


the 17 Anopheles earlet and 24 Culex territans found were recorded. 


8.2.2. Determination of supercooling points 

Supercooling points were determined with the apparatus 
diagrammed in Fig. 69. The measuring thermocouple, of 0.13 mm 
(0.005") copper and constantan (copper-nickel alloy) wires, was 


wedged into a glass tube with a small piece of cork to leave a cell 
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Fig. 69. Apparatus used to measure Supercooling points. 
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25 mm long by 4 mm in diameter in the open end of the tube. Each 
mosquito was lightly anaesthetized with carbon dioxide and gently 
pushed head first into the tube until part of its body, usually the 
mesonotum, touched but was not pierced by the measuring thermocouple. 

A cotton wool plug behind the mosquito held it against the thermocouple 
after recovery. The tube containing the thermocouple and mosquito was 
surrounded with two larger glass tubes, a layer of foam plastic 

and two nalgene jars; the combined insulation provided a cooling 

rate of 2 degrees C per minute. The system was cooled in a 500 ml 


beaker of ethanol and dry ice. 


The reference thermocouple, of 0.51 mm (0.02") copper 
and Constantan wire, was immersed in ice water in a vacuum flask, 
next to the bulb of a mercury-in-glass thermometer accurate to 0.1 C. 
The ice bath temperature, (+0.1 to +0.5 C), was added to the (negative) 
supercooling point measured. The potential differences between the 
two junctions were recorded on a Chart Recorder (E. H. Sargent and 
Co., Chicago, Illinois), calibrated against a Honeywell 2725 T/C 
potentiometer. All leads were enclosed in a grounded wire shield to 
minimise interference. The millivolt readings were converted to 
degrees using a curve prepared from data given by the manufacturer 
of the wires, (Omega Engineering, 1974). The results obtained were 
accurate to 0.1 C. A specimen cooling curve is shown in Fig. 70. 

No attempt has been made to correct for differences in 
cooling rates since Salt (1969) found that at cooling rates of 0.008 


to 16 degrees C/minute, doubling the cooling rate only lowered the mean 
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supercooling point of Cephus cinectus Nort. (Hymenoptera) by 
0.24 C. All mosquitoes were held at +2 C for at least 24 hours 


~ 


before supercooling point determinations, unless otherwise stated. 


8.2.3. Observations of mortality rates at low temperatures 

For insects which cannot tolerate freezing the supercooling 
point represents the lower lethal limit. Above this point the chance 
of freezing increases with decreasing temperature and increasing 
time (Salt, 1961), but no simple relationship has been derived 
between the supercooling point and expected survival times at 
temperatures above it. The experiments on long-term survival at -5 C 
give some indications in this area, but what was observed was the 
number of mosquitoes knocked down from all causes, not simply the 
number frozen, Other batches of mosquitoes were kept at +2 C under 
similar conditions, to get an estimate of mortality from Rees 


otner than freezing, 


Pre-test storage was at +2 C, thus the samples were 
acclimated to this temperature before the tests began. The mosquitoes 
in the tests were kept in plastic tubes covered with netting and 
lined with paper towelling. It was important to line the tubes 
with an absorbent material, since some early tests had to be 
discarded when mosquitoes were trapped and died in water drops 
condensed in the tubes. The tubes were placed on a tray of wet sand, 
in a plywood box 30 x 45 x 15 cm high, with a plexiglas cover sealed 
at the edges with masking tape. A wet paper towel was placed over the 


tubes each time the box was opened, and the presence of ice on the 
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towel the next time the box was opened was a sign that the air in 

the box was saturated. The plywood boxes were placed in incubators 

at +2 or -5 + 11°C. The temperature in a box did not go below 0 C 
until 2.5 hours after it was transferred from a room at 27.5 C to 

an incubator at -5 C, and the box and incubator temperature equalised 
at some time between 5 and 23 hours after the box was introduced. 

When the box was opened the temperature in the box rose to -2 C 

and was still at this level 80 minutes later. The experiments with 
wild-caught Cultseta tnornata and Culex territans began in the fall of 
1974, and mortality counts were made on the same group of individuals 
every five days. The boxes were removed from the incubators, the 
plastic lids were slid open about 3 cm, and mortality counts made 

30 minutes later, by which time the temperatures in the boxes had 

gone up from —5 to +3 C and from +2 to +12°C. Then the boxes were 


re-sealed and returned to the incubators. 


The median lethal time (LT. 4) and 95 % confidence limits 
for each group was obtained using the method of Litchfield and 
Wilcoxon (1949). In experiments where repeated observations were 
made on the same individuals, the number of individuals used between 
16 and 84 % expected effects (N') was treated as the total number 
of individuals in the batch. This has the appropriate effect of 
widening the confidence limits but it decreases the dctinye value for 


the line, and will thus have underestimated heterogeneity in the data. 
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8.3. Results 
8.3.1. Temperature records at overwintering sites 

Temperatures in all the overwintering sites during winter were 
less variable and usually higher than in the outside air. The results 
are presented as means [(mean daily max. + mean daily min.)/2], absolute 
waxima and absolute minima for each decade. Since a mosquito's body 
is small the ambient temperature only has to go briefly below the 
supercooling point to freeze the mosquito and briefly oars melting 
point to thaw it. Absolute maxima and minima are therefore important 
in determining whether freezing or thawing may have occurred, and the 
time spent frozen, Absolute maxima may also be important in determining 
the earliest date on which the mosauitoes could have flown from an 
overwintering site. The mean temperature is more important in relation 


to rates of diapause determination and depletion of food reserves. 


Mean temperatures in the logpile were below 0 C from mid-October 
to late April, but in the outside air only from mid-October to mid- 
March, (Fig. 71). The absolute maximum in the logpile was never above 
0 C from early November to mid-April, and only reached +1 C in late 
April. The absolute minimum was -21 C in the logpile (two occasions), 
and -38 C in the outside air. Snow depths on the logpile were not 
measured, but the snowfall for the winter of 1972-73 at Sion was 115 cn, 
less than the normal of 152 cm for 1941-70. There was some snow cover 
continuously from mid-November to late March, but on the leeward side of 


the pile there was always a hole in the snow, leading in between the logs. 


In the winter of 1973-74, temperature recordings were made in 


rockpiles 1 and 7, (see Fig. 66), with the probes 20 cm directly below 


A a 
vi 7 y hoa] - Bae i: sae 
- ; see me Bin - 1 ; 
? 
: om, oa aa mee, Fe 
sin i a 


 aaMivees pat. | wis shtewwa, os ‘nt mals nea 

ogadoatta 4 Viynist xtiob ans +: xe ab me a 

er a'ptiupeom - 92 Ake), ,abagab fans: 30 s patna’ 93 of 

‘ad weoled vie tad og) 3 and. yhno: srudegeqne? Asotdms pn a ‘ 
golstom afd ovoda etiatsd bin oa tupac, 942 osee7? 03, Satoq an oon 
suse 10.qR2 ysolerods are. netodm, fen amie asuloada - it, wail 8 ‘ 

edd fake phesrv290 pas yee grtwedts 30 amisasat sate sa sy 

( kethorre ze ab daadrogat isd oats -cem, pakxan siuloads “-nasoa} sole 38 %, } 
na uxogt wold aved Bio eroatupeam ytd dotdw oo ofp aastizan ‘ay 

soltrea iar wt ran Froqul s‘som al equspisgmsd moog ott ratte snk rene (| “a 

szavee2ess hoot to cot eabaah Bree. motentaseseb en a ame Oe 


ay 


viod~bie sort 9 0 woled stpw eee edd nt : eons daa” ad 
bie of redoao0-hte “edo elmo pte ahieiyo a2 nt tud olga iat. oh. 
svodis rswan edw olbqpal, ead iat piece pisionds adT _. (IX ako, Jae 
S$ahh i? 2 di padonss fan; bog, bsgichian 9, reduovel yfxg9 out 9/0” 
Asnetanac9 owa) oitggot: wig mtd IS- eov guntsta, saulgads 9+ tsk 
— ignverew obbggod via sto zdageb won athe. shteiue od} ak 2 oe ae 
oo 201 en goks Je EVeRTCL,. Mey sogany, ai x08, Ciptwoaa 9d) sud, sbsivena 
tore wane Sseiye eee oredthy gir 1#P5 202 go. Sei: ‘sehen a pied 
io ahte inwood 2 pm uk et 30 ot. radmeve ont, ’ 
eae oi2 paenrnt mt gated vome’ ort3 ak ciate ei eraae 


iy ar hi a fF 
eee, 
wk stsite gaa egntvaeoae aprtexogns! oscerer pita ik me ‘ 
wales! oan opt Ie eel wes $y on A: 


44 f lad & ‘ rs i ae “  F 
i aie ae ‘i Pon . a0 ; a. oe _ - a na ae 


314 


OUTSIDE AIR, SION 
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Fig. 71. Temperatures in a logpile at George Lake and in outside air 


at Sion, October 1972-March 1973. 
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the apex of each pile. Snow depths at the apices were noted twice or 
three times monthly. The temperature and snow depth results (Fig. 72) 
are the means for the two piles. In both the rockpiles the mean 
temperatures were below 0 C from early November to mid-April, and were 
between -4 and ~-8 C for most of the winter, and the absolute minimum 

was -14 C. The total snowfall at Sion, 196 cm, was higher than normal, 
and there was a mean of 45 cm of snow on top of the piles in mid-January, 
the coldest decade. The mosquitoes would have been able to emerge in 
mid~April 1974 when the snow melted from the tops and an absolute 


maximum of +4 C was recorded in the rockpiles. 


The total snowfall in the winter of 1974-75, 130 cm, was lower 
than normal. The arrangement of measuring stakes on rockpiles 5 and 6 
and the snow cover are shown in Fig. 73. There was no standing snow 
until 20/xii/74, and although a mean depth of 52 cm was reached at the 
base of pile 5, the depth at the top of the piles was never more than 
14 cm. <A few rocks were usually seen protruding from the piles on the 
windward (NW) sides. Pile 6 had snow cover similar to pile 5 until the 


day it was searched, 


The mean temperature was below 0 C from early November to early 
April, at 4 depths in rockpile 5 and in the air 1 metre above it, ac- 
cording to the Grant recorder records, (Fig. 74). The bottom of the pile 
was warmer than the top in mid-winter, but warmed more slowly in the 
spring. The lowest temperatures recorded in the piles were -18.0 at 10 
cm and 20 cm, -17.2 at 50 cm (all in mid-January) and -12.8 at 90 cm 
(in early February), while in the air -33.6 C was recorded in early 


February. The hourly records for selected 3-day periods are shown 
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Fig. /2. Mean temperatures and snow cover for two rockpiles at George 
Lake, and temperatures in outside air at Sion, October 1973- 


March 1974. 
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Fig. 73. Plans and profiles of rockpiles 5 and 6, George Lake, 


and their snow cover from December 1974-March 1975. 
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Fig. 74. Temperatures at 5 depths in rockpile 5, George Lake, and in 


the air 1 meter above it, October 1974-March 1975. 
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in Fig. 75. Early in the winter (12-14/xi/74), when there was no 

snow cover, the air temperatures ranged from +5 to -10 C, but 10 cm 
deep in the pile the range was only +2 to -5 C, and at 90 cm only +1 

to 0 C. Late in the winter (10-12/iii/75), when there was 10 em of 
snow on top of the pile, the minimum temperatures were -25 C in the air 
but only -9.5 at 10 cm and -3 at 90 cm deep in the pile. On 12/iii 

the air temperature rose from -21 to +9 C and the temperature at 10 cm 
rose from -8.5 to -3.5.. Thus a thin snow cover reduced but did not 
prevent temperature changes in the rockpile following those in the air. 
In spring (17-19/iu/75) when the snow had melted from the top of the 
pile, the midday air temperatures reached +12 C but this was surpassed 
(+14) by the temperatures at 10 cm deep. This was probably a result 
of insolation of the rocks, and may have caused the mosquitoes to 
escape earlier from the rockpiles than from the burrows, most of which 
were still under snow at this time. The temperature at 90 cm deep, 


however, remained at 0 C throughout the three days. 


In three rockpiles examined in February and March 1975, many 
of the mosquitoes found were less than 20 cm deep and some were even 
under the topmost stones, 5 - 10 cm deep, (Fig. 76). Thus some of 
the individuals would have experienced the lowest temperatures 
recorded anywhere in the piles. The rockpile at Onoway had no snow on 
the top on 22/111//5,. andi only 2 of 944m. earlier ana of 27 Cle: 


territans found in it were within 10 cm of the top. 


Sion air temperatures for the winter of 1974-75, the 
Palmer temperature records for 20 cm deep in rockpile 5, and 75 cm 


inside the burrow are shown in Fig. 77. Of special interest is the 
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Fig. 75. Hourly temperatures at 10 cm and 1 m deep in rockpile 5, 


George Lake, and in the air 1 m above it, during 3 selected 


3-day periods during the winter of 1974-75. 
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Fig. 76. Vertical distribution of An. earlet and Clx. terrttans females 


in 3 rockpiles, February-March 1975. 
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low of -31 C in early January, which probably occurred on 10/i/75, 
when the low at Sion was -36 C. This was the lowest temperature 
recorded in any overwintering site and is lower than the supercooling 
points of most of the mosquitoes measured, Unfortunately the 

Grant recorder had been removed for repairs on 7/i and was not 
replaced until 12/i. Thus we have no information on the minima at 
greater depths in the pile, and the chart drive on the Palmer had 
stopped, so we have no information on the duration of the low at 

20 cm. The absolute minima for early and mid-February at Sion were 
-37 and -36 C but the minima for the rockpile in these decades were 
only -15 and -14 respectively. The extreme low in early January 

was due to poor snow cover and strong winds. Mean temperatures from 
the Grant recorder data at 20 cm depth are shown on the same graph. 
The mean for early January is 9 C higher for the Grant than for the 
Palmer records, but this is because the Grant recorder was 

removed before the coldest days in that decade. The mean temperatures 
from the Grant recorder were 4 - 5 C higher in December and 2 C 
higher in April than the mean air temperatures at Sion, and the 

mean temperatures 20 cm deep in the pile, from the Palmer recorder. 
Since the Grant recorder had developed an intermittent electrical 
fault by December, the data from the Palmer recorder are more likely 


to be correct. 


The mean temperature in the burrow, (Fig. 77), was 
between -l1 and -5 C from mid-November and mid-April, with an 


absolute minimum of -7 C in late November, before there was any 
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snow cover. By the end of April the absolute maximum was only 
+1 C, but the mean of +2 and the maximum of +5 in early May would 
have allowed mosquitoes to escape. None were trapped emerging from 


the burrow. 


8.3.2. Supercooling points 
Seasonal mean supercooling points of 264 wild-caught 
females of 6 species, are shown in Table 65. Anopheles earlet 
and Culex territansg were the only species collected in all seasons, 
and both had their lowest supercooling points in winter, and highest 
in spring, (overwintered females). Aedes vexans, which overwinters 
in the egg stage, was tested only in summer and had a mean supercooling 
point of -6./ C. Culiseta alaskaensis and Cs. tnornata showed 
decreases from summer to fall. Culiseta morsttans dyart was tested 


only once in late summer and had a mean supercooling point of -7.3 C. 


According to unpaired t-tests, diapausing An, earlet 
and Cs. tnornata, but not Cs. alaskaensts in late summer had 
significantly lower supercooling points (p < 0.01) than non- 
diapausing females, (Table 66). The supercooling points of An, 
earlet fromthe root cellar, where the temperatures did not go below 
O Gwere significantly higher (p < 0.05) in March than in October, 
(Table 67), but the supercooling points of females from outside 
sites (rockpiles and box shelters) were significantly lower in 
March (p Z 0.01) than those of females from the root cellar in the 
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Table 6/7. 


Month 


September 
October 
November 
December 
January 
February 


March 


Supercooling points of Anopheles earlet females from a root 


cellar at Ellerslie, and from outdoors at George Lake, during 


fall and winter, 1974-75. 


— Root Cellar 


n 


March vs October: 


oe Sx 
= ee ibe | 
fe O IDAys) 
—20.0 O29 
=O 1.6 
=e 1.6 
“LS ee: ae 


t = 2.3, p<0.05. 


a Ohh oote te ata ae 

n Xx Sx t ) 
10 -17.0 eS 

10 -22.9 eZ See Os. OL 
20 -24.0 035 6. 5705.01 


March vs. 


September, tham5.0, p<0.01. 


(1) September sample from box shelters, February and March samples from 


rockpiles. 
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Factors affecting the supercooling point were investigated 
in Cs. tnornata from the Edmonton II colony reared and maintained at 
16 hr/20 C (Section 2.14.). All females were supplied with raisins 
until 1 - 3 days before their supercooling points were determined. 
At the time of the determinations most females still had syrup- 
filled crops and well-developed fatbodies. The mean supercooling 
points of females acclimated at 10 C for 1 or 10 days were significantly 
lower than those of females kept at 20 C throughout, but the means 
for females acclimated at +2 C for 1 or 3 days were not, (Table 68). 
Females fed on my arm 24 hours before measurement had a higher mean 
supercooling point than unfed females of the same age, but the 
difference was not significant. The mean supercooling point of the 
blood-fed females was lower than the supercooling point of human 
blood tn vittro, as reported by Lowe et al, (1971). The mean 
supercooling point of the 40 control females, 5 - 12 days old, was 
used as a basis of comparison with the tenerals and males. The 
tenerals, which all had meconium in their midguts when tested at 
7 - 19 hours old, had a mean supercooling point significantly 
lower than the controls. The males had a mean supercooling point 


higher than the controls, but not significantly so. 


Most of the supercooling determinations were terminated 
immediately after the rebound was observed, but a few cooled 
further. A few of the mosquitoes vibrated their wings for a while 


after removal from the chamber, but none recovered enough to stand. 


328 


ee aN Re wal Te 
9000 i. a. ss ie i, ae, 


qlaapsbtiegts ree wea OL 10 i oY - or i be | 
anagem oft 240 - trodgwond3 2 os ee sq9 — oso 


raf 
oa vt 


{89 aideT) son mae ep € go $409 5 a8 f 


1h 2: 
neem tedgti B hed tnaaeyyeeea exnied ear as we ” “ 
1, Awe 
fan ad3 Jud ag. suse oi to. oalousy beta ands Sato 
\ pdt Yo antag gntinoaroque nat suit «aot igs “a ee 


| emed Rowiteg parlooyxpqve eds gata x9¥0L zowol enw eakamet’ 


wont 9 ect Abbi la 328 aurot yd bossogen, es ott x | px | 
; (26. (Ca yh ees 
anu ,bflo pb Si +t apetaenn kor daog oe sta ‘bt sateq ; 
Se), ath 


att . wefan baw afeteaed son3 a3iw aoataagebs tet 


38 badaat nett eal heel theds ak gyinonsm ber Ain ioe <3 
elideottnngte satoq gatiosoimque caem & bed sbto owod @ 


a 


antog gatloon aque: aac a bed eae edt aloxiaa> od nas 
tt gisanptttagte Jon sud ,alorinos ont, an 


rie 


i : i, 66 


botenterss o19w soe2danberadeb entLovazeqae oft 20 ns 


bates wit w dud ybevadede saw bavedey 513 s01%e P 7 
ae ie 


aeoabel # 103 sate akes@ bagnade seine a eae 2 rin 


329 


*“JUBOTJTUSTS Jou ‘SouezeyJIG = *s°u (T) 


"Sau Bay Be Boy 6°7T- skep /-9 SOTeW 

60.10 7 9€°S 6°0 ~°6T- =—sau 61-2 SOTeWST [e19Uel, 

77.00) 6°9T- (seT eu pue STeP19uUe2 ereduood 03) STO14U09 peuTtquo)g 

"Su Cia eal Z°LT- 70 9°CT- 6-8 eLOFZoq AY 47 Spey pootg 

co “07 Onc 8°0 6°ST- = ale) €°St- ZI-IT skep OT *9 OT 2% pezeutTToOoy 

"su €6°O EO Z°ST- 6°0 y°LT- g-/ step ¢ *9 7°32 Pojeurpooy 

G0 > oT tere 6°0O 9°ST- L-S Aep [T *9) OL 32 poerzeuwrpooy 
9°0 ~°9T- 

‘su 70a 9°0 0°SI- L-S ABD T 29 Gas pesemri oly 

d 5} XS x XS x (sheq) soTeuag 

TorzquUo09 po qeory asy 


9 72+ 07 32 SUTpToy pue BSuzizeer TLV 


“OT = U *pazeiS VSTMI9ZYIO VsTdYyM Adeoxe 


“DZOULOUL 07.E817N) pereer—AAOReAOGeT UT sjutTod B3uTTOOoAedNs *gg eTqQeI 


{Tet en ae = rn 


i. i. iar : 4 BR >. ay 
Ls 
ty, i 
£ Ra! Pe, 
; Ur es the 7 he i: 
5° ee, 
‘ 2% bi 
) 
its 
, 7 
*) 
t “u a 
=] on 1o" 
Riley 
\ 
‘ 
eq 
sy 
? 
= r ; 
od 2H 
5 
\ , 
7 Gan) z\ 
J A ; 


i -) oe | 


ian Raed 9 


pee) 
Go 
© 


8.3.3. Mortality rates at low temperatures 


Some Culitseta tnornata and Aedes vexans females collected 
from cattle during August 1974, were divided into batches and put 
at +2 or -5 C for various times. All the females were kept in the 
refrigerator at +2 C for the night after capture, then at room 
temperature (approx. 20 C) until the evening of the next day, when 
the tests began, (i.e. approximately 24 hours after capture). 
Females that had blood visible in their midguts were not used in 
the tests. The Cs, tnornata suffered 58 4 mortality after 10 days 
at -5 C but only 4 2 after 10 days at +2 C: the survivors soon 
became active after warming from both temperatures, (Table 69). 
The Ae. vexang died rapidly both at -5 and at +2 Cs; about half 
were dead after 12 hours and most of them after 48 hours. When 
removed from -5 C the Ae, vermans were in chill coma and some were 
still recovering after 5 hours at 20 C; the final mortality count 
was made after 12 hours. The previous exposure to +2 C could have 
affected the results for Aedes vexans, but a batch of females from 


the test material showed only 7 4 mortality after 60 hours at 20 C. 


Culiseta tnornata and Culex territans females were 
collected from windows on the U. of A. campus in September 1974, and 
stored at +4 C for 4 - 30 days during which the mortality was 
about 5 %. Then they were pooled and redivided into batches which 
were placed at +2 or -5 C, and observed every 5 days. The Cs. 
tnornata at -5 C all died between 10 and 30 days, while at +2 C 


there was 90 % survival for 30 days and the last did not die until 
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120 - 125 days, (Fig. 78). Thus it seems likely that the deaths 

at -5 C were from freezing. The survival curves for Clx. territans 
at +2 and -5 C were much closer together. At both temperatures 80 4% 
survived up to 90 days and the last individuals died between 220 and 
230 days. The mortalities at -5 C do not, therefore, seem to have 
been due to freezing. The median lethal times and 95 4 confidence 
limits are shown in Table 70. Both species survived longer at +2 
thansat =—5 C, but the data for Cle. territans at “2-Cawere 
significantly heterogenous, and the 95 % confidence limits overlapped 


those for -5 C by 54 days. 


A comparison was made between the supercooling points and 
survival at -5 C of Cs. tnornata and Cs. alaskaensts females that 
had been reared and maintained in the laboratory at 16 hr/20 C. 
Under these conditions all the Cs. tnornata would have been 
gonoactive and all the Cs. alaskaensts diapausing, (see Chapter 6). 
The females were 8 - 10 days old when the exposure tests began, 
and there were two replications for each species. The Cs. tnornata 
in the first and second tests had identical mean supercooling 
points, (Table 71), the survival data were similar and when combined 
gave a median lethal time of 9.3 days with narrow confidence limits, 
(Table 72). The mean supercooling points for Cs. alaskaensis 
were higher than for Cs. tnornata in both tests but the survival 
at -5 C was longer. The Cs. alaskaensts in the first test had a 
lower mean supercooling point and longer survival than in the 
second. The combined data were significantly heterogenous, and the 


median lethal time of 30.0 days had confidence limits of 16.9 - 53.1 
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Table 71. Supercooling points of laboratory-reared Cs. tnornata and 
Cs. alaskaensis. Females 7-10 days old, given raisins until 


1-3 days before measurement. 


No. Mean Range Sx 

Cs. tnornata 

Test l i) -14.4 =| 1g stOl—1 fel 

Test 2 5 -14.4 -10.5 to -17.9 
Combined 10 -14.4 -10.5 to -17.9 OFZ 
Cs. alaskaensts 

Test 1 5 -13.5 -9.9 to -15.7 

Test 2 5 -12.4 =~ PO ACO 36 
Combined 10 -12.9 -9.9 to -15.7 035 


te=21.65,,p. not significant. 
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Table 72. Mortalities of laboratory-reared Cs. tnornata and Cs. 
alaskaensts at -5 C. Females 7-10 days old, given raisins 


until 1-3 days before tests. 


Exposure Test 1 Test 2 k 
(days) Number Number Number Number Total mortality 
exposed dead exposed dead 
Cultseta tnornata 
5 10 at 10 1 20 10 
8 30 5) 30 17 
10 10 6 20 9 30 50 
p12 20 15 20 75 
13 10 9 10 90 
15 10 10 10} 9 20 95 
18 10 10 10 100 
20 20 20 20 100 
Total 70 90 160 


LT 55 = 9.3.days, 95 Z confidence limits = 8.4-10.3. Slope = 1.3513, 95% confidence 
tits = 1.246951:4691- (Chi)” of line = 10,68..a good fie 


Cultseta alaskaensis 


5 5 0 

10 4 0 

20 4 0 

30 5 0 10 6 A Re 40 
32 20 43 20 65 
34 20 16 20 80 
36 20 12 20 60 
38 10 8 10 80 
45 10 9 10 90 
50 5 2 5 20 
60 5 5 5 100 

Total 23 95 118 


LT. = 30.0 days, 95% confidence limits = 16.9-53.1 days. Slope = 1.3162, 952% 
confidence limits = 1.0347-1.6742., (chi)? Ot winer= =) 235.145,ae poor f£4t,—0data 


Significantly heterogenous. 


at os 

i Ot 

_ ‘de, 
et es 
or ot 
ze os 
oor or 
oot os 


ve 


ascahtine> a “ERE. i. sqokt "a oi~8-8 - estatl sonshttans x e paeb: ee - 
bs SEE boc, & .88.01 * aa “aa Rs “ ia 


ee) 

oO: é 
0 é 
0 s 
4 rel B or 
a) . 2 > el. os 
oo] rn. a es 
od Ate it ‘tt 8 
is _—— 8 as: 
ae a. + oR OL 
os é 
OGL asa 2°. ee 

tt 4 Re 


eee saute * eqott 3 re Ee~. au © wasted onsittels zee ea 0.06 - 
utah , 222 Yoog 5 tbe: « eokt ae ca) S000 L-THED - asimls 


337 


days. These do not, however, overlap the confidence limits for 


Cs... -tnornata. 


8.3.4. Survival of eggs and blood-fed females of Cs, tnornata at 
low temperatures. 

Two petri dishes of water, each containing 3 egg rafts 
2 - 3 days old from the Edmonton I colony, were transferred from the 
rearing room at 20 C to a freezer at -10 C. Three rafts were’ removed 
after 24 hours, and although there was a good hatch from all of then, 
only 23 of the larvae were still alive 4 days after hatching, and 
only 8 survived to pupation. The other three rafts were removed after 
7 days in the freezer and none hatched. The rafts were broken 
by the ice crystals, but the individual-~ eggs still floated when the 


ice had thawed. 


Ten 16 - 23 day-old females from the Edmonton I colony were 
placed 1 hour after engorging on my arm, in a paper-lined plastic 
tube, which was kept in a refrigerator at +3 C for 24 hours, then 
transferred to a freezer at -6 C for a further 24 hours. All ten 


females survived and 7 of them laid eggs. 


8.3.5. Observations on the behaviour of females at low temperatures 
The lowest temperatures at which females were collected 
from cattle were 10 C for An. earlet, 8 C for Cs. alaskaensis and 
6-7 C for Cultseta tnornata. On 21/x/72 on the U. of A. campus, 
when the air temperature was 2.5 C, a Cs. tnornata female eluded 


capture by flying off through the falling snow. 
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Twelve An. earlet collected from a root cellar at -9 C, 
and 3 An. earlet and 8 Cie. terrttans collected from a rockpile at 
-2 C, were kept in paper-lined tubes in a freezer at -7 to -9 C 
for a few weeks, without apparent harm. They appeared motionless on 
brief examination but after some hours they had moved up the tube. 
The tube was inverted on several occasions and each time the 
mosquitoes regained a head-up posture and moved up the tube. This 
is the lowest temperature at which any activity has been observed 
in mosquitoes and possibly in any insects. The Mecopteran Boreus 
westwoodt was active down to its supercooling point of -5.6 C, 
(Somme and Ostbye, 1969), and the preferred temperature of the 
Carabid Pterostichus brevicormts in January, -5.5 C, was said to 
be well within the lower limit of mobility, (Baust and Miller, 
1970). This lower limit was not stated, but the supercooling point 


at that season was around -ll C. 


Live An. earlet and Clx. territans were found in the 
rockpiles with their legs trapped between ice crystals. Some were 
freed by breathing on the crystals to melt them, others were collected 
by breaking off the trapped legs, but all survived well for a few 
days at O0to+2 C in the laboratory before they were dissected. 

Two An. earlet were also found alive but trapped among ice crystals 
on the inside wall of Walters' root cellar on 14/ii/75; the 


temperature on the ice patch was -l C. 
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8.4. Discussion 

There is very little published work on cold-hardiness of adult 
mosquitoes, and information for speeies occurring in Alberta is mostly 
confined to temperature records from overwintering sites. McLeod and 
McLintock (1947) found 3 living and 3 dead An. earlet in a shed in 
Manitoba where the temperature was -23 C. The authors suspected it 
could have reached the minimum air temperature of -34 C since there 
were holes in the roof. A burrow in southern Alberta of the type where 
Cle. tarsalts and Cs. tnornata spent the winter had a January mean 
temperature of -2 C and an absolute minimum of -15 C. During collection 
of Poe enti from rockpiles Trent (1960) in Utah measured 
temperatures between the rocks of -2 C to +3 C, and Rush (1962) in 
Oregon recorded -4 to +3 C. When Berg and Lang (1948) collected Clx, 
territtans from cellars in Massachusetts, the air and cellar temperatures 
were the same, so they concluded that the mosquitoes must have 
experienced the minimum air temperature, which was -22 C. This does 
not follow. Rockpile temperatures were often the same as air 
temperatures when collections were made, (Chapter 7), but continuous 
recordings show that night temperatures in the air were usually lower 
and the day temperatures higher. Hopla (1965) in Alaska found Clx, 
terrttans in February in a squirrel nest in a tree, and Cs. alaskaensts 
overwintering in tussocks of grass under the snow; other studies in 
the area suggested that subnivean temperatures would have been -7 to 
-9 C. Minar and Hadjkova (1966) in Czechoslovakia found (Cg. 
alaskaensis overwintering in cool spaces above ground and moist cool 


cellars where the temperatures were +0.8 to +5.2 C. 
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Although none of the Anopheles, Culex and Culiseta 
studied seemed to be harmed by a month's storage at +2 C, 50 % of 
Aedes Vverans females died after 12 hours at +2 C and almost all 
after 48 hours. In another study all were killed by 24 hours at 
+4 C, (Costello and Brust, 1971). Night temperatures frequently 
go this low at George Lake in summer, but Ae. vexans is common 
there. It may be that an exposure of a few hours does no harm, but 
longer exposures cause death due to metabolic imbalance, as has 


been observed with honeybees, (Wigglesworth, 1972). 


It is surprising that only An. earlet was found in the 
root cellars. Cs. tnormata females did not survive well at 
temperatures below 0 C, and might have been expected to find their 
way into the cellars quite easily, since they often rested on 


windows. 


The lowest reported temperature for adult mosquito survival 


is for Anopheles macultpennts in Siberia, where all survived -18 C 


for several weeks, % survived 3 hours at -37.5 and all were quickly 


killed at -40 C. In the same study, 12 % of Culex ptptens survived 
Lori/2 hours at -15 C, but all died atter 41/2 hours at —35 C, 
(Maslow, 1930). Laboratory-reared Clx. piptens were all killed 
atter 4 days at -16 C,. (Tate and Vincent; 1936). “Both ix. ptptens 
and Clx. tarsqits collected in January in Utah survived better at 

-2 or 0 C than they did at +3 or +8 C, but this could have been 
because their food reserves were nearly exhausted, (Mail and McHugh, 
1961). In another study (Anderson and Harwood, 1966), Clx. tarsalis 


females caught in summer and fall, or reared in the laboratory, 
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survived better at 0 than at -2 C. From these studies it appears 
that Culex adults will survive better above 0 C than below it, 
provided their food reserves are adequate and they are not attacked 
by parasites and predators such as spiders (Whitmyre and Wills, 
1970). In several of the studies high humidity seemed to be 
essential for survival and at temperatures above 0 C, a mosquito 
would be able to compensate for sub-optimal humidity by drinking. 
Oda and Kuhlow (1973) demonstrated that Clx. ptptens in a cellar 


had to drink water to survive the winter. 


None of the mosquitoes survived chilling at 2 C degrees/ 
minute down to their supercooling points. But live An. earlet 
and Clx. territans were found in rockpile 6 after the temperature 
had gone below the supercooling points of most of them. It may 
be that they did survive freezing in the field but not in the 
laboratory. Pterostichus brevteornits (Coleoptera: Carabidae) is 
freezing—tolerant but nonetheless survived much better if the cooling 
rate did not exceed’ 0.3 C degrees/minute, (Miller, 1969). Another 
freezing—tolerant Carabid, Pelophila borealis, froze rapidly when 
in contact with a drop of water in a freezer, and yet recovered after 
several days frozen, (Somme, 1974). Another possibility is that the 
mosquitoes’ supercooling points were lower in the field and were 
raised by holding at +2 C for a few days. Baust and Miller (1972) 
found that the supercooling point of Pterostichus brevtcornis was 
raised at the rate of 0.01 C/hour after transfer from -22 to 0 C, 


and the glycerol concentration decreased by 0.3 %/hour. 
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If the mosquitoes did freeze when the temperature went 
down to -31 C, probably on 10/i/75, they would have remained frozen 
until the temperature went above the melting point of their body 
fluids. The earliest recorded date at which this might have been 
possible is 20/i/75 when the absolute maxima ranged from-1.5 C 
at 10 cm to ~3-1 © at 90 cm. This is based on the assumption that 
the melting point of the haemolymph was -5 C, a fairly conservative 
estimate, since the value for overwintering Bracon cepht 
(Hymenoptera: Braconidae) is -17.2 C, (Salt, 1961). Thus the 


mosquitoes could have been frozen for 10 days. 


All the mosquitoes tested supercooled to some extent, 
even Aedes vexans which died rapidly at -5 C, or 1.7 degrees above 
its mean supercooling point. Clx. terrttans had a lower supercooling 
point and much better survival at -5 C than Cs. tnornatq. In the 
experiment with laboratory-reared females, Cs. alaskaenets had a 
higher mean supercooling point than Cs. tnornata, and yet survived 
about three times as long at -5 C. Hanec and Beck (1960) found 
that supercooling points of the larvae of the European Corn Borer, 
Pyrqusta nubtlalts, were poor indicators of their ability to 
survive at temperatures below 0 C, but the situation in this species 
is complicated by the fact that larvae can survive freezing. Smith 
(1970) found that acclimation at 15 C of adults of the rusty grain 
beetle, Cryptolestes ferrugineus, lowered their supercooling points 
and increased their survival at subzero temperatures, according to 
the duration of acclimation. Although it must be admitted that 


the supercooling points do not give a complete picture of the éold- 
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hardiness of a species, it is of interest that the supercooling points 
were lowest in mosquitoes overwintering in exposed sites (rockpiles), 
higher in those overwintering in a cellar above 0 C, and highest in 
those species which do not overwinter as adults (Ye. vexans and 

Cs. morsttans dyart). A strange feature of the results for Cs. 
tnornata is that the supercooling points of the laboratory reared 
females were almost all lower than those of wild-caught females, even 
of the diapausing females caught in the fall. I can find no 


explanation for this. 


A number of factors including acclimation, diapause, 
food in the gut, and proximity of ice, have been shown to increase 
or decrease the cold-hardiness of various insects. Mellanby (1939) 
showed that in several species of insects the chill coma temperature 
could be lowered by acclimation for less than 24 hours at moderately 
low temperatures. Cloudsley-Thompson (1973) demonstrated that 
short-term acclimation lowered supercooling points of the desert 
locust Sehtstocerca gregaria, and proposed that the general phenomenon 
be called the "Mellanby Effect". Some other insect species, however, 
do not show this effect (Bursell, 1974). Cs. tnornata reared at 20 C 
had significantly lower supercooling points after 24 hours at 
10°G but not at 2 C. It may be that the processes! of acclimation 
proceed more rapidly at +10 than at +2 C, Pterosttchus brevtcornis, 
however, seems capable of altering its glycerol content even 
while frozen, and becomes less cold-hardy at temperatures above 


Oecyo (Baust’ and Miller; 1972). 
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Salt (1971) argued that although insects are cold-hardy 
during the same season they are in diapause, the association is 
coincidental. This view is supported by Hanec and Beck (1960) who 
found that larvae of the European corn borer Pyrausta nubtlalts, 
entered diapause in August but did not become cold-hardy until October. 
Ring (1972) found that diapausing and non-diapausing prepupae of 
blowflies, Zyctlia sertcata,did not have significantly different 
Supercooling points. On the other hand, Mansingh (1973) found that 
topical applications of farnesyl methyl ether not only induced 
diapause in larvae of the wax moth, Galleria mellonetlla, but 
increased the survival rate and shortened the recovery time after 
chilling at +4 C. Mansingh presumably would see no contradiction 
between these varying results because according to his classification 
of dormancies (1971) a diapausing insect does not acquire all its 
properties immediately, but in a gradual process of adaptation to the 
coming winter. Supercooling points were lower in diapausing than 
in gonoactive females in An. earlet and Cs. tnornata, but not 
significantly so in Cs. alaskaensts. The diapausing and non-diapausing 
females were not collected at the same time, however. In the tests 
with laboratory-reared females, the Cs. alaskaensis were in diapause 
and the Cs. tnornata were not, and the Cs. alaskaensis survived much 


better at -5 C, though their supercooling points were higher. 


The presence of food in the gut often raises the supercooling 


point, and emptying of the gut in phytophagous insects is said to 
be an essential prerequisite to overwintering, (Salt, 1961). The 


gut contents are thought to act as nucleators, and leafcutter bees, 
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Megachtle rotundata, had higher supercooling points after feeding on 
dusty honey than on clean honey, (Krunic, 1971). Cloudsley-Thompson 
(1973) found significantly higher supercooling points in blood-fed 

than in unfed Ryodntus proltxus, but I found no significant difference 
in Cs. tnornata, and blood-fed females survived for 24 hours at 

-6 C. Ohyama and Asahina (1972) found two supercooling points in the 
carpenter ant Camponotus obscurtpes, an upper non-lethal one 
representing the freezing of the gut contents and a lower lethal one 
representing the freezing of the rest of the body. I continued cooling 
one of the blood-fed Cs. tnornata to -21.6 C, 5.6 C below the first 


rebound, but there was no second rebound. 


Contact with water often raises the supercooling point 
due to the increased risk of freezing by inoculation. For example, 
Danks (1971) noted lower supercooling points in larvae of Chironomids 
that had been surface dried than in those in contact with free 
water. The finding of live An. earlet and Clx. territans with their 


legs trapped between ice crystals is therefore of interest. 


Some Tenebrionid beetles that are freezing-tolerant have su- 
percooling points of —5.5 to -/./ ©, while others that’ are freezing— 
susceptible have supercooling points of -12 to -20 C. The freezing- 
tolerant species have a powerful nucleating agent in their haemolynph, 
(Zachariassen and Hammel, 1976). It does not seem to be a general 
rule, however, that freezing-tolerant insects have little supercooling 


ability. racon cepht, for example, is freezing-tolerant but 
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supercools to -45 C, (Salt, 1961). If repeated. freezing and thawing 
is harmful, the ability to supercool would reduce the number of 

times an insect was frozen and thawed during a winter. Another 
possible advantage of being supercooled is mobility, allowing escape 


from active, supercooled predators such as spiders. 
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9, GENERAL DISCUSSION 


9.1. Findings in relation to the objectives 
9.1.1. Overwintering sites 
Females of 4 species were found during winter, all in 
subnivean or subterranean sites, (Chapter 7), Anopheles earlet were taken 
in badger burrows, but no (yliseta tnornata were found, though Shemanchuk 
(1965) took them in burrows as far north as Edmonton. Cs. tnornata 
may prefer the burrows of mammals other then badgers. No evidence 
was obtained that any of the mosquitoes share overwintering sites 


with vertebrates. 


9.1.2. Number of generations per year 

Data on seasonal distribution of larvae and adults (Chapter 3) 
suggest that Culiseta alaskaenSts has one generation per year, An. 
earlet, Culex territans and Cs. tnornata each have two. Cultiseta 
morsttans dyart and Cultseta stlvestrts minnesotae also probably have 
more than one generation per year. Frohne (1954b) states that 
An. earlet, Cla. territans and Cs. alaskaensts in Alaska all have one 
generation per year. In An. earlet and Clx. territans in Central 
Alberta, diapause appears in early August, and only the earlier- 
emerging individuals of the first summer generation will be gonoactive; 
the rest will diapause. Although the long-term average number of 
day~degrees at Edmonton would be enough for three generations of 
Cs. tnornata per season, the second-generation females would emerge 
some time in August, and the third generation not until October, 


(Chapter 5). Selection in the Edmonton region would favour an early 
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diapause, restricting the number of generations to two per year. 


McLean (1975) Re paiae that in "Arctic America", (defined by 
him as starting at 53° N) ". . . virus transmission by Aedes and 
Cultsetq mosquitoes probably occurs infrequently due to their reluctance 
to imbibe more than one blood meal during their lifetime." (p. 269). 
If the generalization about feeding habits were true, one would 
expect that parous females would rarely or never be taken at bait, 
but pars of both Cs. alaskaensts and Cs. tnornata were taken at 
cattle. The last Cs. alaskaensis were taken in early August, more 
than three months after the first, and would have been at least 
triparous. The generalization is probably untrue for Aedes also. 
Graham (1969b) took parous Ae, exeructans and Ae. punctor in animal- 
baited traps at George Lake in August, and both are univoltine species, 
emerging in May and June. In the Ivanovskaya district (57° N) of 
the U.S.S.R., Ae. ctnereus, Ae. cataphylla and Ae. punctor were 
found that had completed up to 8 gonotrophic cycles, (review by 
Detinova, 1968). All 3 species are well-represented in "Arctic 
America", Even at 82° N on Ellesmere Island, some Ae. tmptger and 
Ae. ntgrtpes females complete 3 gonotrophic cycles, and only the first 
cycle involves facultative autogeny, (Corbet and Danks, 1973). 
The probability of local Cultseta taking more than one blood meal 
in their lifetime may be low, and the probability of feeding on 


humans still lower, but this is not the usual meaning of "reluctance". 


he hee a's DN a ry 


aia 


yd bemtnoo) ‘ “ebtiae cytes 


bas. “eaboh w poleeigennt3 : 
sonarus _ ‘of Pris " Uaasiipetad ian bupeo : ve 
y i a as ’ 


ayy ul 


: mee : 
+ , on 4 4 he f 
* 
; t 


' 


4 


(23S ". ok soRt sis juiee Tata's bo q's sila Sod 
bliiow ‘had :oind! ‘etaw iti paths Sati ! seen . ve si 


wy - see 


~Siad ts meadet od tsven 10 clates ‘btuow ai ee i 


Ni _ 
i Ma wile pte ay bain “ohetintéaty is iiaod 30 
Sx 0m . Tug yftes ft nsdes sod ‘pishentests. we. deat Fed 
wased in sod ever bisow bas. ent edj 19336 Atom a 


onLs ae ah, ~ suspen eldadorg at nohtexLiessasg ott. 


rea 


~Lemtns. ak aotong eh bas protons JSR. aueTeg, agos (dear 


oom 


,2sioega bid abeehas stg ditod baa ,JangyA al soled egr030 38 omid 


Io im *82) aobszenb sysdavonavi eid at sea bas. yall ae 


PP ri 
res i 


iD 
ude 
of 


a 7 


S10W otomnny , . bas el iydgndee ok. .sonaniy 7h A 
a silos estos sklgazdotog & of Loe besaignos, bsd — oo 


7 


okto<a” gt boznsgzger~ Stew are estoede. ¢ oat’ ore | an 

bas HagQeger , AK GOB pboalet ptemae Lhe, a0 HO*SB oe. ava kxomh 
segz3 oft, yfeo bag, .e0hoy> atiyox39n08 £ are gnoe, Ba lene 09 
£ONeE eats ‘has ands) «Yaggo sus siesta 3 

{nom boold spo apdy 2500 antiga aig ih nt Ao. 

ie gatboo} to yatitdedorg, pds bas bam: «wok ‘ a sit gat 

"one >uien" to antases. deny wat Jou ai ena 30 | 


i 


eg Ee i ie 7 A eae "4 4 * 


9.1.3. Time of onset of diapause 

The Follicle:Germarium ratio seemed to be a good indicator 
of the onset of diapause in the mosquito populations (Chapter 3). 
Few An. earlet and no Clx, terrttans were taken at bait, so in these 
2 species the onset of diapause could not be detected by the cessation 
of blood feeding. The upper limit for F:G ratios of diapausing 
females was taken as 2.0 for An. earlet and Cs. alaskaensts, and 
1.5 for Clx. territans and Cs. tnornata. These limits agreed 
fairly well with the dates of cessation of blood feeding, but in 
all species a few individuals were taken in the fall with F:G 
ratios above the limits. Recent post-teneral, gonoactive females 
were not excluded from the diapausing group. In future projects it 
might be feasible to do so by holding all wild-caught females at 
natural daylengths and temperatures for a week before dissection, by 
which time the follicles of the gonoactive females would have grown 
over the limits, but the follicles of the diapausing females would 


remain small. 


The follicle stages were a less reliable guide to diapause, 
because females with stage I follicles were taken both at bait and at 
other sites, (Section 3.16.). Few nullipars had follicles in 


stage II, however, in fall and winter. 


In epidemiological studies it is useful to know not only the 
abundance of females but also the age composition of the population. 
Parity rates indicate how many have fed, diapause rates indicate how 


many are seeking blood meals. The peaks of Cs. tnornata in light 
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trap and window collections in September were of no epidemiological 


importance, since they were composed of diapausing individuals. 


9.1.4. Blood and sugar feeding habits 

Blood meal identifications and bait catches suggested that 
cattle were the usual hosts for Cs. alaskaensts and Cs. tnornata, 
and birds the usual hosts for Cs. m. dyarit. It was not discovered 
where and on what hosts the overwintered Cs. tnornata females take 
their first blood meal, if the first gonotrophic cycle is anautogenous. 
The blood feeding habits of An. earlet were not clarified. A few 
females were taken at cattle and humans, blood meal identifications 
indicated that most had fed on rabbits, though these hosts were 
uncommon, and one collection made at the end of the study (Section 
3.7.) indicate that beavers may be preferred hosts. Blood meal 
identifications of female mosquitoes from Edmonton indicated that 
Cs. alaskaensis and Cs. tnornata flew at least 1.6 km after blood 


feeding, and some did so within one day of the meal, (Section 3.4.). 


Females and males of most of the species were seen on flowers, 
most often of Tanacetum and Soltdago, (Section 3.1.4.). The females 
ieeiaded diapausing, non-diapausing, fed and gravid individuals. 

Many of the females dissected had syrup in their crops, but it was 
not established that this was derived entirely from flowers. 
Chironomid midges have been observed feeding from honeydew deposits 
on leaves by Downes (1974), who suggests that this habit may be a 
basic feature of the Diptera. Such honeydew deposits are common in 
the study areas in fall and may be an important source of winter food 


reserve for mosquitoes, especially those that emerge after the 
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flowers are over. Flowering of most of the known host plants was over 


by the end of September, (Section 3.1.4.). 


9.1.5. Seasonal fatbody development 

Females of all species except Cs. m. dyart appeared to be 
contain the most fat in the fall, but diapausing and non-diapausing 
females could not be distinguished by fatbody ratings alone, as 


there was too much overlap between them. 


The proportions of An. earlet and Clx. territans with abdomens 
distended with fatbody increased rapidly in late summer, and in fall 
females of these two species were more consistently fat than those 
of Cs. tnornata and Cs. alaskaensis. Only 12 % of the An. earlet 
and 3 % of the Cla. territtans had syrup in their crops, compared 
with 27 % of the Cs. alaskaensts and 63 % of the Cs. tnornata, 
(nullipars at sites other than bait). It may be that the first 
two species convert sugars to fats more rapidly, As the fat 
reserve is exhausted more rapidly at higher temperatures, the 
fattest females can be the most versatile in their overwintering 
habits. Even though An. earlet seemed to have the best-developed 
fatbodies, very few survived the winter in a root cellar at a 
mean temperature of 6.4 C, (Section 7.3.3.). Cs. tnornata may enter 
such sites, but their chances of overwintering there seem even less, 


if their metabolic rates are the same as those of An. earlet, 


9.1.6. Blood feeding and assimilation in diapausing females 
Although a few females in the first diapause induction experiment 


displayed gonotrophic dissociation, (Section 6.1.2.), there was no 
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evidence of this phenomenon in any of the species in nature. This 
contradicts Shemanchuk and Morgante's finding (1966) of gonotrophic 
dissociation in Cs, tnormata in August in southern Alberta. Most 
diapausing Cs. tnornatq collected in Edmonton in September fed on 
human blood at the first exposure, but there was no trypsin activity 
in the midgut and most of the blood was expelled earlier than in 


laboratory-reared, non-diapausing females, (Section 4.3.4.). 


The knowledge that digestion of blood does not occur in 
experimentally-fed, diapausing Cs. tnormata, but does occur in 
diapausing mosquitoes that show gonotrophic dissociation, may give 
some clues to the control of blood digestion. In species that show 
gonotrophic dissociation, feeding and digestion occur but ovarian 
development is inhibited; in experimentally-fed Cs, tnornatq digestion 
is inhibited, and in many species including Cs. tnornata, An. earlet, 
Clix. terrttans and Cs..alaskanests , feeding is inhibited in nature. 
The fact that inhibition can occur at different stages suggests 


that they are not all controlled by the same mechanism. 


Gillett, Cole and Reeves (1975) found that in Aedes aegyptt 
small blood meals were expelled prematurely from the gut and there was 
no egg development. Spielman and Wong (1974) also demonstrated that 
meals of less than 1 mg whole blood did not stimulate egg production 
in Ae. aegyptt, but the volume of the meal was not the only critical 
factor, since a small meal supplemented by saline enema up to normal 
meal size resulted in egg production, and saline alone did not. Thus 
the quality as well as the quantity of fluid in the gut is important. 


Bellamy and Bracken (1971) found that in Culex ptptensthe number of 
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eggs that matured was related to the amount of protein in the meal. 
Since development of the appropriate number of follicles began soon 
after the meal, the authors concluded that the mosquitoes must have 
a means of assessing the nutrient content of the meal before its 
compiete digestion. A secretogogue mechanism for controlling 
proteinase levels depends on quantitative determination by the 
secretory cells of the protein content of the meal. The diapausing 
Cs, tnornata took smaller blood meals than the non-diapausing ones, 
and expelled them earlier from their guts, thus it may be that the 
diapausing females did not digest their meals because they were 
below the critical size. Depner and Harwood (1966) suggested that 
the narrow guts of diapausing Anopheles freebornt might be the 

cause of their reluctance to take blood, but this factor alone is not 
sufficient to explain the absence of digestion, because gonotrophic 


dissociation is known in An. freebornt, (Washino, 1970). 


Briegel and Lea (1975) found that the rate of protein digestion 
in Aedes aegypti was related to the amount of protein ingested, 
from 4.0 down to 0.5 mg of blood, below the critical meal size of 
1.0 mg found by Spielman and Wong (1974). Briegel and Lea 


suggest that a secretogogue mechanism, without neural involvement, 


controls blood digestion. In diapausing Cs. tmornata no trypsin activity 


was induced in spite of the fact that small amounts of blood were 
present in their midguts up to 48 hours after feeding, the time of 
peak trypsin activity in non-diapausing females. Thus the 

failure of the diapausing Cs. tnornata to produce trypsin was not 


due to the small size of the meals, or the short time they were 
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retained in the midgut, and the secretogogue mechanism must have been 


either repressed or not activated. 


What, then, is the most likely activating (or repressing) stimulus 
for the secretogogue mechanism? Several studies on different 
groups of insects have shown that juvenile hormone (JH), produced by 
the corpora allata, is required for development of the ovaries, 
and diapause occurs when JH is absent, (review by de Wilde and 
de Loof, 1973). Culex piptens females reared under short days, 
or reared under long days and allatectomized, had diapause-sized 
follicles, but topical application of JH to such females resulted in 
follicle growth, (Spielman, 1974). The corpora allata of 
diapausing Anopheles macultpennts messeae are much larger and 
differ in staining properties than those of gonoactive females, 
and appear empty of secretion. After the first blood meal at the 
end of diapause, the glands shrink and acquire the same staining 
properties as in gonoactive females, (Detinova, 1945). In the 
Colorado potato beetle, Leptinotarsa decemltneata, allatectomy or 
cauterisation of the pars intercerebralis releases the entire 
"diapause syndrome", including cessation of feeding, burrowing, 
degeneration of the flight miscles, cessation of oogenesis, the 
appearance of a diapause protein in the haemolymph, and reduced 
oxygen consumption; implantation of active corpora allata or topical 
application of JH terminates diapause, (de Wilde and de Loof, 1973). 
In the blowfly Calltphora erythrocephala, the corpora allata 
increase in volume before and decrease during vitellogenesis in 


females fed protein and sugar ad lib, and remain small in females 
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fed sugar only. The blowflies feed preferentially on protein prior 

to vitellogenesis and preferentially on carbohydrate after 
vitellogenesis has begun. This shift to carbohydrate does not 

occur in allatectomised females, (Strangways-Dixon, 1961, 1962). 

Since diapausing mosquitoes feed on sugars it seems likely that 

the absence of a shift to sugar feeding in allatectomised C. 
erythrocephala was an indirect result of the failure of vitellogenesis, 


and not the absence of a direct stimulus of JH on sugar feeding. 


The simplest explanation for the diapause syndrome in Cs. 
tnornata is that JH not only promotes follicle devedioptien t but also 
stimulates blood feeding and activates the secretogogue mechanism 
of protein digestion. Unfortunately this explanation will not 
accomodate the phenomenon of gonotrophic dissociation, since one 
could not have blood feeding and digestion without ovarian development. 
Thomsen and Moller (1959) reported that in Calltphora erythrocephala 
removal of the median neurosecretory cells resulted in failure to 
produce proteinases after meat feeding, though they did not demonstrate 
that the meal was transported to the digestive part of the gut. 

It does suggest, however, that the secretogogue mechanism may require 

neurosecretory activation. A modified theory, fitting the 

information I have summarised, would be as follows: 

a) A brain hormone, the production of which is affected by daylengths 
controls blood feeding and protein digestion directly, and 
follicle development indirectly, via the corpora allata. 

b) In gonotrophic dissociation the neurosecretory system continues 


to promote blood feeding and digestion, but the corpora allata 
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do not respond, 
c) In diapausing females such as Cs. tnornata, the neurosecretory 


system is inactive. 


In Cs. tnornata a break must occur early in the chain of 
events leading to blood-feeding since diapausing females fed after 
being placed within a few cm of my arm. Diapausing females might 
also feed if they came close to a vertebrate in nature. This might 
occur in the depths of a burrow, and even though digestion of the 
blood and egg development would not occur, 48 hours should be long 
enough for viruses to penetrate the midgut. Such females would 


remain nulliparous. 


9.1.7. Laboratory induction of diapause 

Diapause in Cs. tnornata was induced by a decrease in daylength 
from 16 to 12 hr at the IVth instar or at pupation, but not by 
constant daylengths of 16 or 12 hr, (Chapter 6). The diapausing 
females that appeared in nature en masse in mid-August would have 
experienced a decrease in daylength from approximately 18 hr at 
hatching to 16 hr at emergence, (Chapter 5). The critical 
daylength for diapause induction is therefore uncertain, but there 
must be one, since not all females developing after the summer 
solstice go into diapause. Other examples of the long day/short 
day response are known in other insects, (see Section 6.5.), and 
further studies will probably reveal this response in other 


mosquitoes. 


The duration and intensity of diapause was not studied in 


” , 
ha 


a {4a , 
7 Livi ie SAO Na 
i ihe a eh ae 
iia _ | 


ua 2 
to ateda at? »* ae 


esa eee | Cay aes nip 
ros bet 2 | 


A 1a) \ ee ana Ae ‘i A } Ni i ae Ms i ih i hal ise ) ail ‘ed 4,5 ; 
sighs colnet heu. e agri St tbe 6 bsoet ct 
Sa KO eed er ce ; 1 Ah ie rl pi ae we 
sight shat Seakaiaie at stardest 

hy. ges rede” ana See daa ae ‘we 

“es to ‘fol teagth steuod' nove bas Satie 5 st oat 
goat od biwoste aed, ap, ssema0 to kuow | 
ou iiuow eokena’ dow soviet, nnn 


. ‘ moet 


“Sta VAS | de Sian hes bel hie 
ae oevagnth jo! bara i , 
& on ra ban if 

_dagastqub nt ey al a vd ‘booubak aew stoma 09 
aie, A eee ber ; 
wd som sind noksagng 38 9: ansan Dace ” 4 ve 
ae vo shya . os 7 
- gadavadath oat “(2 ‘resaei0) et Si 70 ar 26 aiag 
ok eat ee ik ‘tied aoe 
aveai, blvow ouguanbia uk orean C eTu385 hee! poeta | 
ib fg: of Te OS ier : el 

18 “ eI ilosnaleraa most niger ge 

m hae 7 . 
lapistea eat ae wae) onqrans 3a 


I pita Hs it: ere 


“pred? aud Abn 2xson puoteneds ef 
i ; Jhngalpey ", iia! eae Ll we 


laboratory-reared females. Most wild-caught Cs. tnornata were aroused 
from diapause after 7 days at 16 hr/20 C in one experiment, me not 
in another, and a few that survived three months at 12 hr/2 C seemed 
to have terminated diapause, (Section 4.3.4.). An. earlet in a dark 
root cellar at a mean temperature of 6.4 C had terminated diapause 

by mid-January, (Section 4.3.1.). Tauber and Tauber (1976) provide 

a system of classification, with examples, of the ways in which 
daylength or changes in daylength may maintain or terminate diapause. 
Cs. tnormnata and An. earlet cannot be placed in the system with the 
available evidence. They do not, however, resemble the all-or-none 
type of response in the mosquito Wyeomyta smithit, in which larval 
diapause could be broken rapidly at any time in the winter by transfer 


to constant daylengths exceeding 14.5 - 15 hr, (Smith and Brust, 1971). 


9.1.8. Cold-hardiness 

An. earlei and Clx. territang survived 5 1/2 months in 
winter at temperatures below 0 C. During most of the winter at 
most sites they were probably supercooled, because their supercooling 
points were around -20 C, while the temperatures in the overwintering 
sites rarely went below -10 C. A low of -31 C was recorded in one of 
the rockpiles, however, and live An. earlet and Clx. territans 
recovered after this low from an adjacent rockpile, with similar 
snow cover, had mean supercooling points higher than this. This 
suggests that they must have survived freezing. Freezing in the 
laboratory to determine supercooling points was fatal to all species 
examined, but this may have been a result of the relatively rapid 


cooling. 
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Cs. tnornata females were not found in winter, but their much 
higher supercooling points and poor survival at temperatures below 
O C suggest they could overwinter only in well-insulated sites, such 
as the depths of burrows. McLean et al (1975) report survival of 
Cs. tnornata females from Marsh Lake, Yukon, for 117 days at -1 C. 
This cold-hardiness and the fact that they were apparently able 
to get large numbers of females at human bait suggest that they may 


have been dealing with another species of Culiseta, possibly Cs. tmpattens. 


9.2. Conclusions 

From the evidence presented it is difficult to find a role for 
any of the mosquito species studied in the ecology of Western 
Encephalitis (WE). The ornithophilic Cultseta morsitans dyart 
seems the most likely to be involved in enzootic transmission, and 
further study of this species may prove fruitful. Since Cs. m, 
dyart overwinters in the egg stage, transovarial transmission is 
a possibility. My results for Cs. tnornata do not explain how they 
become infected with WE in central Saskatchewan, (McLintock et al, 


Or). 


Since all but one of the overwintering females were nulliparous, 
and the females did not take blood in the fall, it is most unlikely 
that they overwinter WE, or any other disease- causing organisms. 

This does not rule out the possibility of transmission in early 
spring, when Cs. alaskaensts and An. earlei feed on a wider range 


of hosts than they do later in the year. 
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Cs. tnornata seems well-adapted to Central Alberta in some 
ways but not in others. The preference of the females for feeding 
on cattle, and their wide powers of dispersal (Clarke, 1943) may 
be the factors responsible for the high populations observed. 

On the other hand, the poor cold-tolerance and meagre food reserves 
of females in the fall suggest that they would be restricted to 
overwintering sites that were not cold enough to freeze them or 
warm enough to starve them, probably at around 0 C. Such sites may 
be scarce, and overwintering in the region is probably achieved at 
the cost of very high mortality. Dispersal in spring from these 
few foci would depend on the prevailing winds and would explain the 


rather erratic appearance of the females at any given site. 
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Table 75. Day-degrees above 5 C in air and lakeside pond, George Lake, 
July and August, 1974-75. From records gathered as described 


in. tables’ 73 “and .74. 


Day —_—_—__—_— July ——— — aa Atipust 
Air -— Water —— —— Air —— — Water 

1974 1975 1974 1975 1974 1975 1974 1975 
1 8 11 1 12 10 10 i 10 

2 9 14 12 15 12 9 12 

3 10 16 12 18 15 18 14 

4 EL 17 13 18 15 8 14 
5 10 17 12 18 13 9 13 10 
6 So 17 12 a7 9 8 Cea? 9 
7 11 11 15 10 10 
8 10 12 11 14 7 8 
9 11(s) 13 12 15 10 7 10 8 
10 12(s) 1G) 14 iS 10 8 10 8 
11 9(s) 17 12 16 8 8 8 8 
12 8(s) 18 10(E) 17 5 5 7 8 
13 10(s) 13 12 (E) 15 6 8 6 7 
14 11(s) 14 14 (E) 14 8 7 8 8 
15 15(s) li 17(E) 13 8 5 8 7 
16 11 11 15 11 10 5 8 6 
17 13 10 16 a 11 6 8 5 
18 15 8 17 10 12 5 9 5 
19 14 11 16 11 3 5 8 6 
20 iT 11 13 ia 6 9 6 7 
21 11 7 13 10 9 9 7 8 
22 13 10 14 10 9 7 8 7 
23 13 ae 15 11 9 7 8 6 
24 13 8 14 12 7 8 7 6 
25 9 11 12 12 6 3 6 5 
26 9 12 12 12 7 6 6 5 
Dye 9 15 12 13 9 9 8 7 
28 11 10 12 12 8 11 8 9 
29 14 10 13 10 10 6 9 7 
30 13 7 13 7 8 5 
31 11 9 ish 9 7 5 8 5 
Monthly totals 340 BV/7/ B95 402 276 225 2S Dah 


s = Record for Sion, 3.6 Km S. George Lake. E = Estimate. 
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